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A RCBD study with 19 first lactation Holsteins was conducted to investigate the 
effects of replacing 10% of concentrate with alfalfa baleage on lactation performance. 
Intake of DM was greater (P=0.02) for low forage (21.92 kg/d) than high forage diet 
(21.18 kg/d). Digestibility of DM was similar (P=0.4) between high (39.65%) and low
forage diet (41.64%). Yield of 4% FCM was similar by diet but greater (P=0.01) for less 
than or equal to 251 d (29.36 kg/d) than greater than 251 d DIM cows (28.47 kg/d). Feed 
efficiency tended to be greater (1.42 versus 1.35; P=0.056) for high forage diet but was 
greater (1.44 versus 1.35; P=0.003) for cows less than or equal to 251 d DIM. Fat and 
lactose contents were similar by diet while protein tended to be greater (P=0.07) for low 
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INTRODUCTION AND LITERATURE REVIEW
Introduction
The main goal of every dairy producer is to produce large quantities of high 
quality milk. A consistently high DMI is critical to supply nutrients required to support 
high milk yield in dairy cows (Abrahamse et al., 2008 and West et al., 1998). A good 
understanding of factors affecting DMI in dairy cows is therefore important as it provides
opportunities to increase DMI and thereby milk production (Grant and Albright, 1995). 
Forages, as a source of DM, typically make up half or more of the diet of lactating cows 
(Kendall et al., 2009) and this presents a challenge in providing energetically high-dense 
rations without compromising rumen ecosystem, animal welfare and lactation 
performance as energy and carbohydrate intakes are affected (Zebeli et al., 2008). 
Maximizing the intake of digestible carbohydrates is therefore important in dairy 
nutrition because energy needed for maintenance and milk production often exceeds the 
amount of energy a high producing cow can consume (Kendall et al., 2009). Diets high in 
forages can alter DMI due to fiber content present, fiber digestibility and passage rate of 
the undigested residues from the digestive tract as a result of differences in extent and 
rate of digestion of different forage species (West et al., 1998).
Diets with more than 50% forage DM fed to high producing cows have produced 














quality forages (high in digestibility) that can be consumed in greater amounts than low 
quality forage with high fiber and low digestibility (Martinez et al., 2009). Dietary F:C
affects feeding and digestion in dairy cows through physical; gut distension, eating and 
rumination time and chemical mechanisms through fermentation acids produced in the 
rumen (Voelker et al., 2002). 
Recent trends in agriculture show that the numbers of dairy animals are 
decreasing while milk yield per cow per lactation is increasing (Hayirli et al., 2002). This 
trend has therefore, called for increased use of high concentrates and low fiber diets 
allowing producing cows to support high milk production which also results in metabolic 
health problems like sub-acute ruminal acidosis (Yang and Beauchemin, 2007). Field
studies in the United States indicated that up to 19% of early lactation and 26% of mid 
lactation cows suffer from sub-acute ruminal acidosis (Zebeli et al., 2012). Increased use 
of concentrates and its associated health complications come with massive costs through 
feeds (which comprise 50 to 60% milk production costs), lost milk production and also 
treatment of sick cows. In intensive and confined milk production units, feed presents the 
largest cost in which more than 2⁄3 (two-thirds) is used by the lactating groups of cows 
(Kristensen et al., 2015).
A major challenge of the current feeding systems of high producing dairy cows is 
to balance the feeding of energy-dense nutrients necessary to support milk production and 
provision of adequate amounts of physically effective fiber which is needed to stimulate 
normal rumen function within the optimal pH range of 6.2 to 7.2 and also prevent rumen 
disorders (Yang and Beauchemin. 2007). Finding an optimal balance between physically 
















only for maintaining proper rumen metabolism but also metabolic health status and 
enhancing the productivity of dairy cows (Zebeli et al., 2012). Provision of adequate fiber 
is therefore, of paramount importance in balancing ruminants’ rations (Harmison et al., 
1997).
Among the many forage sources for lactating dairy cows, corn silage and alfalfa 
are popular as survey indicated that about 62% of dairy cows are fed alfalfa (Mullins et 
al., 2009; Hoffman et al., 1997). Alfalfa is considered high quality forage due to high 
protein and low fiber content, (Khorasani et al., 2001). Corn silage is another forage 
component in the dairy rations under most dietary regimens, as the crop has a relatively 
stable yield, contains 40 to 50% grain, high fermentable energy content and good ensiling 
characteristics (Khan et al., 2012; Dhiman and Satter, 1997). It is therefore, a major
source of NDF and energy for many lactating dairy cows such that increasing the 
concentration of NDF from corn silage could result in lesser proportions of other forages
needed in the diets (Weiss et al., 2002).
A lot of research in the field of dairy nutrition has concentrated on the
manipulation of overall dietary F:C of the TMRs fed to lactating cows and its effects on 
DM intake, digestibility, milk yield, and milk composition to dietary F:C manipulations
(Yang and Beauchemin 2008; Whitlock et al., 2003; Murphy et al., 2000 and Oba and 
Allen 2000). Many studies have generally reported that decreasing the F:C ratio increases 
milk yield and milk protein content to a certain level beyond which ruminal health 
complications emerge (Voelker et al., 2002 and Friggens et al., 1998) . Lower milk yields 
and protein but greater fat content have been reported with high forage rations (Yang and 



















reported on the responses to changes in specific forage type within forage components of 
TMRs fed to lactating dairy cows. This study could provide information on the potential 
of replacing some concentrates with high quality forages in the current conventional 
feeding regimens as a way of reducing feed cost and alleviating other metabolic 
challenges associated with increased levels of concentrates in high producing dairy cows'
rations.
Importance of Fiber in Ruminant and Dairy Nutrition
Fiber plays a fundamental role in ruminant and dairy nutrition. It is defined as the 
indigestible, slowly digesting or incompletely available fraction of feed mainly of plant 
cell wall origin (Beauchemin, 1991 and Mirzaei-Aghsaghali et al., 2011). It is so 
important in ruminant nutrition that it should be adequately considered in balancing 
ruminant or dairy rations (Harmison et al., 2010). It has been demonstrated that both the 
amount and physical form of dietary fiber are important in ruminant and lactating cows’
rations (Mirzaei-Aghsaghali et al., 2011). NRC, (2001) recommends a minimum fiber 
concentration of 25% in a ration of which up to 75% must be of forage origin for 
lactating cows. Most intake limiting characteristics of diet such as bulk density, 
digestibility, rate of digestion, rumination time, total mastication time and passage rate of
digesta from reticulorumen are related to fiber content or F:C ratio (Khorasani et al., 
2001). Nutritionally, fiber has both physical and chemical attributes related to mechanical
processes of digestion and enzymatic degradation associated with fermentation (Mirzaei-
Aghsaghali et al., 2011).
Effective fiber is required by dairy cows to stimulate chewing activity, maintain 

















2011 and Zebeli et al., 2006). Fiber in its amount (F:C ratio) and physical form (particle 
size) stimulates chewing activity (Mirzaei-Aghsaghali et al., 2011). Particle size 
reduction through chopping (less than 40mm) and grinding forages have shown reduction 
in chewing activity by up to 80% of unchopped original material and grinding may 
reduce chewing activity by up to 20 to 60% for long forage (Mirzaei-Aghsaghali et al., 
2011). In terms of maintaining optimal rumen function, fiber stimulates formation of
normal biphasic stratification of ruminal contents (floating mat of large particles on a 
pool of liquid and small particles). Chewing activity as a result of fiber presence also 
stimulates proper rumination and salivation which helps in buffering rumen environment 
by neutralizing acids produced during fermentation thus preventing dysfermentation
(Mirzaei-Aghsaghaliet al., 2011 and Zebeli et al., 2006). Milk fat depression has been 
linked with inadequate dietary fiber intake in lactating cows (Sarwar et al., 1992).
Fiber content has shown a connection with maintaining high DMI, and provision 
of energy to rumen microbes responsible for digesting various feed components to the 
benefit of the host animal (Sarwar et al., 1992). Increased digestibility of DM has been 
reported for diets containing more fiber (Yang and Beauchemin, 2007). With these 
important roles of fiber, the provision of adequate forage fiber in the diet of lactating 
cows is an important factor for optimizing milk production and normal rumen health in 
lactating animals (Wang et al., 2000).
Fiber, Dry Matter Intake and Digestibility
The concentration of fiber in dairy rations has been closely associated with DMI 
of the cows. NDF has a negative relationship with energy concentration of feeds while at 


















In general, intake of energy dense or highly digestible diets is under metabolic/chemical
control while in contrast, intake of less digestible or high forage diets is under physical 
control limited by rumen fill (Khorasani et al., 2001). Fiber digestibility is an important 
forage quality parameter. Fibrous fractions of the feed ferment slowly and are retained in 
the rumen longer than non-fibrous fractions and thus often limit DMI. The faster 
disappearance of the NDF from the rumen due to high digestion or passage rate may 
reduce physical fill over time and allow for greater voluntary feed intake and 
additionally, more digestible fiber might increase the energy density of the diets and 
microbial nitrogen production (Oba and Allen, 2000).
Effects of Fiber Level on Dry Matter and Nutrient Intake
In studies with primiparous cows in late lactation (Khorasani et al., 2001) reported 
that DMI tended to be greater at 50% (15.8 kg/d) than 35% level of concentrate (14.5 
kg/d). Between forage sources, DMI (14.6 versus 15.7 kg/d) was similar for alfalfa and 
bromegrass silages, respectively. NDF intake (5.81 versus 6.02 kg/d) was not affected by 
concentrate level (35 and 50%) but was numerically greater for bromegrass (6.71 kg/d) 
than alfalfa silage (5.13 kg/d). ADF intakes (3.44 versus 3.46 kg/d) were similar by (50 
versus 35%) concentrate level and also between alfalfa (3.28 kg/d) and bromegrass (3.68 
kg/d) silages. Greater CP intakes (2.72 versus 2.23 kg/d) were reported for 50% 
concentrate level and alfalfa hay (2.78 versus 2.26 kg/d). Oba and Allen, (2000) found 
greater DMI of 24.3 kg/d at lower (29%) NDF than 22.2 kg/d for higher (38%) NDF diets
in high producing multiparous cows. The study also reported variation in DMI with silage 
type, greater (23.8 kg/d) for brown mid-rib corn than convectional corn (22.7 kg/d)













    
 
   
diets at 20.8 kg/d and brown midrib corn silage (22.35 kg/d) was greater than 
convectional corn silage (21.4 kg/d). NDF intake (8.3 versus 6.85 kg/d, respectively) was 
greater with higher (38%) NDF than lower (29%) NDF diet. Feeding cows either hay or 
silage from a mixture of timothy meadow and fescue grass at different forage 
concentrations (Murphy et al., 2000) reported greater DMI (17.6 versus 16.75 kg/d, 
respectively) for higher (50%) than lower (30%) forage diet. The hay had greater DMI 
(17.45 kg/d) than silage diets (16.9 kg/d). Intakes of NDF (6.6 versus 4.74 kg/d), ADF 
(4.14 versus 2.88 kg/d) and CP (3.13 versus 2.93 kg/d) were all greater for high than low 
forage diets, respectively. Intakes of NDF (6.08 versus 5.26 kg/d), ADF (3.75 versus 3.27 
kg/d) and CP (3.09 versus 2.97 kg/d) were all greater for hay than silage, respectively. 
Alhadhrami and Huber (1992) reported similar DMI (24.65 and 24.10 kg/d) between 50 
and 65% concentrate levels respectively and no differences were observed (24.0, 24.65, 
25.5 and 23.35 kg/d) as the ADF concentration of the diets were increased from 26, 28,
32 and 36%, respectively. With diets of constant F:C (50:50) but increasing proportion of 
corn silage (0,  1⁄3 and 
2⁄3) achieved by replacing alfalfa silage (Dhiman and Satter, 
1997) reported similar DMI (20.9, 21.4 and 21.1 kg/d) but significantly different CP
intakes (3.51, 3.42 and 3.19 kg/d) for 0, 1⁄3 and 
2⁄3  diets, respectively.
Whitlock et al., (2003) reported significantly greater DMI of 28.4 kg/d with lower 
F:C (50:50) than 26.55 kg/d with higher F:C (60:40) diets. However, similar DMI were 
observed between high oil corn (27.45 kg/d) and conventional corn (27.50 kg/d). 
Martinez et al., (2009) in one of their experiments which used 55% alfalfa silage and 
45% corn silage in the forage portion and with or without monensin, reported 















   
 
  
however, they were similar as a percentage of body weight 4.21% against 3.95%. 
Monensin inclusion did not affect DMI (28.5 versus 28.4 kg/d). In their second study,
with 70% corn and 30% alfalfa silages in the forage portion, DMI was significantly 
greater at 50% forage (29.65 kg/d) than at 60% forage (28.2 kg/d) inclusion rates and 
monensin had no effect (29.00 and 28.85 kg/d) for diets without and with monensin, 
respectively. Harmison et al., (1997) found a significant linear decrease in DMI (17.7, 
17.45 and 15.85 kg/d) of lactating Jersey cows that were fed diets with decreasing 
percentages of forage NDF of 21%, 16% and 11%, respectively with diets of total NDF
maintained at 35%. Studies by Soita et al., (2005) reported a tendency for greater DMI 
(26.25 than 24.70 kg/d, respectively) with a higher F:C (55:45); F:C (45:55) even though 
forage chop length had no effect.
Friggens et al., (1998) fed high and low concentrate diets to Holstein-Friesian 
cows at two different periods in a change-over design and reported significantly greater 
DMI (22.7 kg/d) for higher concentrate than low concentrate diet (17.45 kg/d). Greater 
DMI was reported for period one (20.65 kg/d) than for period two (19.15 kg/d) of the 
study. Yang and Beauchemin (2007) reported significantly greater DMI with low F:C 
(35:65) diet (23.85 kg/d) than high F:C (60:40) diet (21.75 kg/d) and also intake
expressed as percentage of BW, it was greater with low F:C (35:65) diet (3.78%) than 
high F:C (60:40) diet (3.50%). Intakes of NDF (7.1 and 7.5 kg/d) and forage NDF (3.85 
and 5.9 kg/d) were however, significantly greater for high F:C (60:40) diet than low F:C
(35:65) diet, respectively. Forage particle length (7.9 mm and 19.1 mm) did not have any 
significant effect. Yang and Beauchemin (2008) found significantly greater DMI (25.05 

















not affected by forage particle length. NDF intake was neither affected by dietary F:C
(6.9 and 7.1 kg/d) for high and low forage diets, respectively nor forage particle length 
(6.95 and 7.05 kg/d) for long and short particles, respectively. Long particle length gave a 
significantly greater intake of physically effective NDF (3.6 kg/d) than for short length 
alfalfa hay (2.8 kg/d). Dado et al., (1995) found significantly greater intakes for higher 
digestibility (45%) NDF diets (20.4 kg/d) than low digestibility (40%)  NDF diet (19.4
kg/d) when dietary NDF was maintained at 35% of ration DM. Lascano et al., (2011) 
found significant differences in average DMI (5.68 versus 6.72 kg/d), OM (5.37 versus 
6.3 kg/d), NDF (2.0 versus 3.0 kg/d) and ADF (1.26 versus 2.06 kg/d) between high 
concentrate (20% forage) and low concentrate (80% forage) diets, respectively fed to 
Holstein heifers. There were also significant linear increases in DMI (6.11, 6.18, 6.22 and 
6.29 kg/d), OM (5.77, 5.82, 5.85 and 5.91 kg/d), NDF (2.11, 2.45, 2.59 and 2.88 kg/d)
and ADF (1.26, 1.61, 1.76 and 2.02 kg/d) that were associated with the replacement of 
corn silage with 0, 20, 40 and 60% of low quality maize stover within the forage portion 
of the diet at the same F:C ratios.
Lechartier et al., (2010) fed corn silage based diets with different forage NDF of 
7.6%, 13.2% and 18.9% achieved by manipulating F:C ratios of 50:50, 35:65 and 20:80 
of the diets with rapidly degradable or slowly degradable carbohydrates. Significant
linear and quadratic increases in DMI; 21.3, 23.05 and 22.95 kg/d and OM; 20.1, 21.7 
and 21.6 kg/d were reported with decreasing forage level from 50% to 35% and then
remained unaffected from 35% to 20%. NDF (5.5, 6.9 and 6.85 kg/d) and ADF (2.9, 3.55 
and 3.75 kg/d) also showed similar linear and quadratic trends. The slowly degradable 













     
 
versus 20.1 kg/d), NDF (6.8 versus 6.06 kg/d), and ADF (3.7 versus 3.0 kg/d) than the 
rapidly degradable one, respectively. At constant F:C of 50:50, 2% fat supplementation 
and varying ratios of alfalfa to corn silage (AS:CS); 51:0, 37:13, 24:27 and 10:40, (Britol 
and Broderick 2006) fed to lactating cows the diets and reported linear decreases in DMI 
(26.8, 26.5, 25.4, and 23.7 kg/d), NDF intake (6.25, 6.22, 6.03 and 5.71 kg/d) and ADF 
intake (4.33, 4.00, 3.58 and 3.12 kg/d) due to increasing corn silage inclusion. 
Qiu et al., (2003) fed primiparous cows diets containing either 17% or 21% forage
NDF of either brown midrib or convectional corn silage and reported significantly greater 
DMI for brown midrib (26.5 kg/d) than for convectional corn silage (24.24 kg/d). As a 
percentage of body weight, DMI was also significantly greater for brown midrib (3.8%)
than convectional corn silage (3.6%). DMI was similar (25.6 versus 25.15 kg/d, 
respectively) between 17 and 21% forage NDF. Intakes of OM (16.55 and 14.9 kg/d) and 
NDF (6.17 and 5.38 kg/d) were both significantly greater at 17% than 21% forage NDF, 
respectively. An interaction between forage NDF and silage type existed for DMI, where 
increase in convectional corn silage decreased DMI (25.0 to 23.5 kg/d) while increase in 
brown mid-rib corn silage did not affect DMI (26.2 to 26.8 kg/d). Voelker et al., (2002) 
observed significant differences in intakes in Holstein cows fed diets with 67:33 F:C 
(30% NDF) and 44:56 F:C (24% NDF). Greater DMI was reported for lower (24%) NDF
diet (23.7 kg/d) than high (30%) NDF diet (22.0 kg/d). Intake of CP was similarly greater
with low NDF diet (4.2 kg/d) than high NDF diet (3.9 kg/d). However, NDF intake (6.5 
versus 5.6 kg/d, respectively) was greater for high than low forage diet in which alfalfa 
and corn silage were mixed in 1:1 ratio in the forage portion. Valadares et al., (2000) 















25.6 kg/d) or (as  percentage of body weight (3.52, 4.0, 4.19 and 4.07%) as alfalfa silage 
was replaced with high moisture ear corn at 20, 35, 50 and 65% respectively though it
tended to decline from 50 to 65% replacement rate. Similar linear and quadratic trends 
were observed for intakes of NDF (9.47, 9.64, 8.59 and 7.09 kg/d) and ADF (4.29, 5.08, 
5.24 and 5.03 kg/d).
Ruiz et al., (1994) reported significant linear decrease in DMI (20.1, 19.4 and 
18.5 kg/d), OM (18.5, 17.7 and 16.9 kg/d) and CP (3.7, 3.5 and 3.28 kg/d) when diets of
increasing NDF concentrations of 31, 35 and 39%, respectively, were fed to mid-lactation 
Holstein cows. Both NDF (6.28, 6.85 and 7.25 kg/d) and ADF (3.35, 3.78 and 4.1 kg/d) 
intakes increased linearly with increasing NDF concentration. Weiss et al., (1991) found 
significant differences  in DMI (19.2, 21.45 and 22.5 kg/d) of orchardgrass and alfalfa 
silage based diets due to increasing dietary concentrate level of 20, 40 and 60%, 
respectively. Greater DMI was associated with alfalfa silage (22.3 kg/d) than
orchardgrass silage diet (19.8 kg/d). Beauchemin (1991) observed similar mean DMI of
22.4, 22.35 and 22.0 kg/d as the dietary NDF level increased from 31, 34 and 37% 
thought it was greater mid (22.5 kg/d) than early bloom alfalfa hay (21.97 kg/d). For the 
same diets, NDF intakes showed a linear increase (7.1, 7.65 and 8.0 kg/d) as the dietary 
NDF concentration increased and was greater for early (7.8 kg/d) than mid alfalfa hay
(7.4 kg/d).
West et al., (1999) observed a linear decrease in DMI in both cool (23.3, 21.8, 
20.6 and 19.0 kg/d) and hot environments (18.3, 17.8, 17.4 and 16.4 kg/d) with diets
containing 30.2, 33.8, 37.7 and 42.0% NDF achieved by replacing corn silage with 



















voluntary intakes of DM both as kg/d (23.1 against 22.0 kg/d), percentage of body weight 
(3.6 against 3.42%) and OM (21.25 against 20.25 kg/d) with lower NDF (28%) than 
greater NDF (32%) diets, respectively. Intake of NDF was greater for 32% NDF diet
(6.88 kg/d) than 28% NDF diet (6.33 kg/d). Mullins et al., (2009) fed to cows diets with 
similar NDF level (34%) but increasing alfalfa hay inclusion rate attained by replacing
corn silage at 0, 7, 14 and 21% and reported a linear increase in DMI; 26.7, 27.3, 24.4 
and 27.5 kg/d, respectively. Beauchemin et al., (1994) in one study observed a linear
decrease in DMI (21.75, 21.6 and 20.15 kg/d) with diets containing increasing 32, 36 and 
40% NDF, respectively and alfalfa hay had greater intake (22.13 kg/d) than corn silage
(20.2 kg/d) as forage sources. In the other study, no linear relationship in DMI (20.7, 21.3 
and 20.15 kg/d) existed with NDF levels with alfalfa and orchardgrass hay as forages
however, alfalfa tended to have greater intake (21.3 kg/d) than orchardgrass (20.16 kg/d). 
In both studies, NDF intake (as a percentage of DM) increased linearly; study one (34.1, 
37.3 and 40.96% and study two; 32.2, 35.7 and 39.3% as dietary NDF percentage 
increased. Greater NDF intake was observed with alfalfa hay (39.7%) than orchardgrass 
hay (37%) in study one but were similar between alfalfa hay (35.93%) and corn silage 
(35.5%) in study two.  
Effects of Fiber Level on Dry Matter and Nutrient Digestibility
The DMD in cows has also shown to be affected by dietary F:C ratio or 
concentration of dietary NDF. In one of their experiments in which forage portion of diet
comprised of 55% alfalfa and 45% corn silage (Martinez et al., 2009) reported similar 
digestibilities in DM (61versus 62.3%) and CP (53.6 versus 51.9%) between 50% and 




   
   
  








50% forage diet (10.65 kg/d) than 60% forage diet (9.6 kg/d) in lactating Holsteins. 
Digestibility of NDF was lower for a 50% forage diet (43%) than 60% forage diet
(49.1%). In the other study, with diets containing 70% corn and 30% alfalfa silages in the 
forage component, digestibilities of DM (58.7 and 61.4%), NDF (38.3 and 35.6%) and 
CP (49.95 and 52.2 %) were not significantly different between 50% and 60% forage
diets, respectively though fecal DM excreted was greater for a 50% forage diet (11.56
kg/d) than 60% forage diet (10.53 kg/d).
Digestibilities of DM (68.5, 68.35 and 67.8%) and OM (68.8, 68.7 and 68.2%) 
tended to be quadratic at decreasing forage NDF levels of 21, 16 and 11%, respectively, 
but a significant interaction existed between forage NDF and source of starch (Harmison 
et al., 1997). By source of starch, digestibilties of DM (68.05 versus 68.1%) and OM 
(68.4 versus 68.5%) were similar for corn and wheat based diets, respectively. Linear 
decrease in apparent digestibilities of NDF (54.1, 51.8 and 50.6%) and ADF (54.05, 
53.55 and 53.2%) were reported with increasing the forage NDF concentration. The 
inclusion of wheat as a source of starch significantly decreased ADF digestibility from
56.5% to 51.1% and tended to depress NDF digestibility from 55 to 50.9% for corn and
corn silage/wheat diets, respectively. CP digestibility however, showed a significant 
linear increase (68.0, 70.95 and 70.3%) as forage NDF decreased in Jersey cows.
Oba and Allen (2000) observed significant effect of dietary NDF concentration on 
total tract apparent digestibilities of DM, OM, NDF and starch. Greater amounts of DM 
(15.7 versus 14.3 kg/d), OM (15.15 versus 13.7 kg/d) and starch (8.4 versus 5.35 kg/d) 
were reported to be digested at lower NDF (29%) than higher NDF (38%) diet. As a 











   
 
  
     
 
convectional corn silage (92.2). Digestibilities of NDF both as an amount (2.0 versus 3.3 
kg/d) and as a percentage (30.25 and 40.1%) were greater with high NDF (38%) than low 
NDF (29%) concentrations, respectively when diets were fed to high producing
multiparous cows. 
A study in which lactating cows were fed two forage sources (alfalfa and 
bromegrass) at two concentrate levels of 35% and 50% (Khorasani et al., 2001) reported 
no significant differences in digestibilities of DM (69.4 versus 73.2%), OM (68.9 versus
72.7%), NDF (49.7 versus 56.1%), ADF (49.3 versus 54.5%) and CP (62.9 versus 69.2%) 
but all numerically greater for 50% concentrate than 35% concentrate diet, respectively. 
As a function of forage type, digestibilities of DM (73.1versus 69.5%), OM (72.6 versus 
69.0%), NDF (53.1 versus 52.7%) and CP (71.1 versus 62.1%) were similar but all
numerically greater for alfalfa than bromegrass. Digestibility of ADF was similar by 
forage type but numerically greater for bromegrass (52.1%) than for alfalfa (51.7%). 
Lascano et al., (2011) reported significant effects of F:C on the digestibilities of DM 
(73.7 versus 67.5%) and OM (75.35 versus 69.03%) with lower forage (20%) diet than 
greater forage (80%) diets, respectively. Both DM (74.7, 73.14, 68.24 and 66.25%) and 
OM (76.08, 74.54, 69.94 and 68.21%) displayed significant linear decreases in 
digestibilities as corn silage was replaced with maize stover at 0, 20, 40, and 60%, 
respectively, in the forage portion of the diet. Both NDF (57.41 and 51.86%) and ADF 
(50.37 and 42.63%) digestibilities were significantly greater for lower forage (20%) diet















Lechartier et al., (2010) fed dairy cows corn silage based diets at three F:C ratios 
of 20:80, 35:65 and 50:50 with either high content of slowly or rapidly degradable 
carbohydrates and reported significantly greater OM digestibility for rapidly degradable 
(wheat based) carbohydrates (73.23%) than slowly degradable (corn grain based) diet 
(71.3%). There was also a significant linear decrease in OM digestibility 73.6, 72.45 and 
70.75% with decreasing F:C 50:50, 35:65 and 20:80, respectively. An interaction 
between F:C and degradability of carbohydrates also existed on DM digestibility. A
quadratic trend in NDF digestibility was observed 45.85, 48.55 and 44.3% with 
decreasing NDF concentration with the highest level at 35% forage inclusion rate. The 
digestibility of ADF linearly decreased 46.15, 44.65 and 40.7% as forage level decreased 
and was greater for slowly degradable carbohydrate (46%) than rapidly degradable 
carbohydrate (41.4%) source. Starch digestibility was greater with rapidly degradable 
carbohydrate (96.7%) than slowly degradable carbohydrates (94.97%) and an interaction 
between carbohydrate source and F:C occurred on starch digestibility where it was 
increasing for slowly degradable carbohydrate and decreasing for rapidly carbohydrate as 
dietary concentrate level increased. Digestibility of CP was greater for rapidly degradable 
carbohydrate (71.1%) than slowly degradable carbohydrate (67.7%). An interaction was 
also observed between F:C ratio and degradability of carbohydrate on CP digestibility
where it was increasing for slowly degradable carbohydrate and decreasing for rapidly
carbohydrate as dietary concentrate level increased.
When two forage NDF level diets, (17 and 21%) comprising of either brown 
midrib or conventional corn silages as main forage were fed to cows (Qiu et al., 2003)















and Starch (96.15 versus 93.9%) between 17 and 21% forage NDF, respectively. Forage 
type did not produce significant effects on digestibilities of OM (72.05 versus 70.7%),
NDF (66.5 versus 60.65%) and starch (95.85 versus 94.35%) between brown midrib and 
convectional corn silages, respectively. Yang and Beauchemin (2007) reported similar 
digestibilities of DM (59.55 and 60.6%) and OM (61.25 and 62.2%) when alfalfa silage 
based diets were fed at F:C of 35:65 and 60:40, respectively. Similar digestibilities were
also reported on DM (59.2 and 60.95%) and OM (60.85 and 62.6%) between 7.9mm and 
19.1mm forage particle lengths, respectively. Digestibilities of NDF (42.6 versus 
32.95%) and ADF (42.65 versus 31.75%) were greater for 60:40 F:C than 35:65 F:C diet, 
respectively. Long particles gave greater digestibility for both NDF (40.5 versus 34.55%) 
and ADF (41.05 versus 33.35%) than short particles. Starch digestibility was significantly 
greater for a greater F:C (60:40) diet (94.35% ) than lower F:C (35:65) diet (92.2%) diet
in addition to the significant interaction between F:C and particle size.
Voelker et al., (2002) reported similar digestibilities of DM (59.9 versus 60.6%), 
OM (61.5 versus 61.5%) and CP (62.6 and 63.6%) for high F:C 67:33 (30% NDF) and 
low F:C 44:56 (24% NDF), diets respectively. Digestibilities of both NDF (31.7 versus 
25.0%) and starch (90.2 versus 86.1%) were significantly greater for higher (30% NDF) 
forage than lower forage (24% NDF) diet that contained equal proportions of alfalfa and 
corn silage. Studies conducted by Valadares et al., (2000) indicated a significant linear 
increase in digestibilities of DM (53.4, 57.9, 61.0 and 66.3%), OM (55.1, 59.5, 62.6 and 
67.6%) and CP (59.7, 63.7, 62.8 and 68.0%) when alfalfa silage based diets with 
increasing concentrate (high moisture ear corn based) levels of 20, 35, 50, and 65% 













and 35%) however, linearly decreased as concentrate level increased and ADF showed a 
quadratic trend in digestibility (38.1, 38.4, 37.6 and 35%). Beauchemin (1991) found 
similar extents of DM (66.8, 67.9 and 68.65%) and NDF (39.1, 41 and 43.55%) 
disappearances at 31, 34 and 37% dietary NDF levels, respectively, though the two trends 
tended to be linearly increasing. Early alfalfa had a significantly greater DM 
disappearance (71.2%) than mid bloom alfalfa hay (64.37%). No difference was 
however, reported on NDF disappearance between early (42.1%) and mid-bloom alfalfa 
hay (40.43%).
Weiss and Shockey (1991) reported similar apparent digestibilities of DM (64.65, 
63.7 and 66.5%), NDF (60.8, 61.2 and 59.05%), ADF (59.3, 59.75 and 56.7%), CP (61.2, 
59.45 and 60.75%) and total non-structural carbohydrates (77.8, 77.35 and 76.7%) with 
orchardgrass and alfalfa silage based diets fed at increasing concentrate level of 20, 40 
and 60%, respectively. Digestibilities of DM (67 versus 62.9%), NDF (72.73 versus
47.97%) and ADF (68.47 versus 48.03%) were greater for orchardgrass than alfalfa 
silage, respectively. Digestibility of CP (59.77 and 61.16%) and non-structural 
carbohydrates (79.2 and 75.37%) were similar between orchardgrass and alfalfa silages, 
respectively. Sarwar et al., (1992) found both linear and quadratic responses in apparent 
digestibilities of OM (65.2, 70.1 and 69.6%) with diets containing varying forage (corn 
silage and alfalfa hay) NDF concentrations of 80, 70 and 60%, respectively fed to 
Holstein cows. Digestibility of NDF (47.6, 53 and 51.7%) was neither linear nor 
quadratic in response to the level of forage NDF.
Beauchemin et al., (1994) in one study with diets of increasing NDF
concentration (32, 36 and 40%), reported a linear increase in DM digestibility (65.95, 
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65.65 and 68.75%), respectively, and alfalfa (67.7%) tended to be greater than 
orchardgrass hay (65.9%). Digestibility of NDF (50.7, 48.4 and 51.4%) was not affected 
by dietary NDF level however, it was greater with orchardgrass (54.27%) than alfalfa hay 
(46.13%), respectively. In another experiment with alfalfa hay and corn silage as forages, 
there was no response in DM digestibility (66.65, 68.2 and 72.9%) to NDF concentration. 
Forage type did not have an effect but was numerically greater for corn silage (71.3%) 
than alfalfa hay (67.2%). NDF digestibility (43.35, 50.2 and 48.75%) was similar by 
NDF level and it was also not significantly different between for alfalfa hay (46.13%)
and corn silage (47.27%), respectively. Kendall et al., (2008) observed similar 
digestibilities of DM (66.8 versus 66.25%), OM (63.9 versus 63.3%) and ADF (43.5 
versus 44.45%) for diets containing 28 and 32% NDF, respectively. Digestibility NDF
was however, greater for a high NDF (41.9%) than low NDF diet (45.1%). 
Effects of Fiber Level on Milk Yield, Milk Composition and Feed Efficiency 
A number of studies have demonstrated the effects of dietary F:C on milk 
production and composition. Murphy et al., (2000) reported no significant differences in 
milk yield (24.25 versus 23.95 kg/d; as 4% FCM, 26.45 versus 26.15 kg/d), fat (4.72 
versus 4.70%) and lactose (4.54 versus 4.535%) between 30% and 50% forage diets,
respectively. Milk yield was, however, greater for silage (24.5 kg/d, 4% FCM; 26.75 
kg/d) than hay (23.7 kg/d, 4% FCM; 25.85 kg/d). Milk protein percentage was greater for 
30% forage diet (3.57%) than 50% forage diet (3.51%) but did not significant differences
between hay (3.55%) and silage diets (3.53%). Concentrations of both milk fat (4.72 and 
4.70%) and lactose (4.54 and 4.54%) did not show any significant differences between 





   
 







   
   
 
4.54%) contents were similar between hay and silage diets, respectively. In one
experiment where cows were fed 50% and 60% forage diets (55;45, AS:CS), (Martinez et
al., 2009) reported no significant differences in milk yield (47 versus 45.8 kg/d, as 3.5% 
FCM; 46.55 versus 46.8 kg/d), and lactose (4.83 versus 4.78%) between lower F:C 
(50:50) and higher F:C 60:40 diets, respectively. Concentration of milk fat was greater 
for 60% forage diet (3.52%) than 50% forage diet (3.40%) while milk protein 
concentration was greater for 50% forage (3.12%) than 60% forage diet (3.07%). Both 
feed efficiency on actual milk yield (1.59 versus 1.69) and feed efficiency on 3.5% FCM 
(1.56 versus 1.72) were greater with diet containing 60% forage than 50% forage, 
respectively. No significant differences were observed on milk yield (46.1 versus 46.7 
kg/d and 3.5% FCM; 46.25 versus 47.10 kg/d), fat content (3.47 versus 3.44%), lactose
content (4.81 versus 4.8%), feed efficiency on actual milk (1.63 versus 1.65) and feed
efficiency on 3.5% FCM (1.63 versus 1.65) with diets without and with monensin 
inclusion, respectively. Monensin inclusion however, decreased protein content from
3.12 to 3.07%. In the other study with AS:CS (30:70) in the forage portion, forage level 
did not produce significant effect on milk yield (40.75 versus 41.1 kg/d as 3.5% FCM 
41.9 versus 42.85 kg/d), fat content (3.68 versus 3.73%), protein content (3.17 versus 
3.15%) and lactose content (4.67 versus 4.65%), and feed efficiency on 3.5% FCM (1.43 
versus 1.51) for 50% forage and 60% forage diets, respectively though feed efficiency on 
actual milk was greater for a higher forage (60%) diet (1.47) than lower forage (50%) diet
(1.38). No significant differences in milk yield (41.0 versus 40.85 kg/d, as 3.5% FCM; 
41.9 versus 42.85 kg/d), fat content (3.70 versus 3.71%), protein content (3.16 versus 

















1.43) and feed efficiency on 3.5% FCM (1.48 versus 1.46) were also reported with diets 
without and without monensin addition, respectively.
Milk yield (21.3, 20.7 and 20.6 kg/d), 4% FCM yield (23.0, 22.6 and 22.2 kg/d), 
milk fat content (4.66, 4.71 and 4.58%), milk protein content (3.93, 3.95 and 3.86%) and 
4% FCM feed efficiency (1.29, 1.31 and 1.41) did not show any linear or quadratic 
response to decreasing forage NDF from 21, 16 and 11%, respectively (Harmison et al., 
1997). Similar results in milk yield (20.75 versus 20.5 kg/d), 4% FCM yield (22.45 
versus 22.35 kg/d), fat content (4.66 versus 4.63%), protein content (3.88 versus 3.93%) 
and feed efficiency on 4% FCM (1.37 versus 1.35) with corn and corn/wheat, 
respectively, as starch sources (Harmison et al., 1997). Friggens et al., (1998) observed 
greater milk yields (30.9 versus 23.7 kg/d), milk protein content (32.2 versus 30.8 g/kg) 
and lactose content (46.15 versus 45.05 g/kg) for high (energy non-restricted) than low 
concentrate (energy restricted) diets, respectively. Fat content conversely was 
significantly greater for low concentrate (42.9 g/kg) than high concentrate diet (39.2 
g/kg) were reported from a cross-over (two periods) study during lactation. Both milk 
yield (31.0 versus 23.6 kg/d) and lactose content (46.3 versus 44.9 g/kg) were greater for 
period one than two, respectively when diets were changed from one treatment to 
another. Fat content was not significantly different in the two periods (40.8 versus 41.25 
g/kg, respectively) for periods one and two, respectively, however, protein content was
significantly lower in period one (30.75 g/kg) than for period two (32.25 g/kg).
Aguerre et al., (2011) found similar milk yield (38.8, 38.4, 36.9 and 36.9 kg/d), 
ECM yield (37.7, 38.4, 36.2 and 36.6 kg/d), feed efficiency on ECM (1.76, 1.80, 1.75 and




    
    
 







increasing F:C of 47:53, 54:46, 61:39 and 68:32, respectively while milk fat had a linear 
increase (3.58, 3.68, 3.72 and 3.82%). True protein content (2.73, 2.71, 2.66 and 2.61%) 
and lactose content (4.96, 4.92, 4.92 and 4.89%) showed linear decreases as the F:C 
increased where alfalfa and corn silage were in equal proportions. Voelker et al., (2002) 
reported significantly greater milk yield in cows fed lower fiber (F:C; 44:56, NDF; 
24.3%) diet (33.3 kg/d) than from higher fiber (F:C; 67:33, NDF; 30.7%) diet (31.0 kg/d). 
Milk fat concentration was significantly greater for higher F:C (67:33) diet (4.16%) than 
lower F:C (44:56) diet (3.89%) while protein content tended to be greater with lower F:C 
(44:56) diet (2.87%) than higher F:C (67:33) diet (2.76%). Ruiz et al., (1994) fed mid 
lactation cows diets containing corn, dwarf elephantgrass, bermudagrass and forage 
sorghum silages at increasing NDF concentrations of 31, 35 and 39%. Milk yield (23.03, 
22.65 and 21.73 kg/d), 4% FCM yield (20.63, 20.33 and 19.53 kg/d) and protein content 
(3.18, 3.08 and 3.08% or 0.72, 0.69 and 0.66 kg/d) decreased linearly as NDF
concentration increased. NDF concentration produced no significant effect on milk fat 
percentage (3.34, 3.35 and 3.35%) but showed a linear decrease as yield (0.76, 0.753 and 
0.71 kg/d) with increasing NDF level. Fat content in milk from corn silage diet (3.43%)
was significantly greater than dwarf elephant grass silage (3.32%).
Yang and Beauchemin (2007) reported significant decrease in milk production 
(33.5 versus 31.05 kg/d), protein concentration (3.35 versus 3.08%) and lactose 
concentration (4.66 versus 4.62%) while fat concentration (3.45 versus 3.82%) 
significantly increased as the dietary F:C increased from 35:65 to 60:40, respectively. 
Yield of 4% FCM (30.5 versus 30.2 kg/d) and feed efficiency (1.4 versus 1.43) remained 









    
  
  
   
 
was greater for higher forage diet (1.40) than lower forage diet (1.28). Forage chop length 
did not have a significant effect on milk yield (32.15 versus 32.25 kg/d), 4% FCM yield
(30.5 versus 30.2 kg/d), fat content (3.65 versus 3.62%), protein content (3.21 versus 
3.22%), lactose content (4.64 versus 4.64%), feed efficiency on actual milk (1.41 versus 
1.43) and feed efficiency on 4% FCM (1.33 versus 1.36) for 8 mm and 19 mm, 
respectively. In these studies alfalfa silage was the main forage with barley grain and 
corn gluten meal based concentrate portion. With diets maintained at 38.5% NDF but 
varied in source (brown midrib corn and conventional corn silages) and concentration of 
forage NDF (17 and 21%) fed to primiparous cows (Qiu et al., 2003) reported no 
significant difference in milk yield (34.75 versus 34.8 kg/d), 4% FCM yield (33.8 versus
33.95 kg/d) milk fat content (3.85 versus 3.84%) and milk protein content (3.30 versus
3.32%) between 17% and 21% forage NDF levels, respectively. Forage source did not 
produce significant effect on milk yield (35.5 versus 34.05 kg/d), 4% FCM yield (34.55 
versus 33.20 kg/d), milk fat content (3.83 versus 3.86%) and milk protein content (3.3 
versus 3.32%) for brown midrib and convectional corn silages, respectively. Dhiman and 
Satter (1997) reported similar milk yield (31.1, 32.4 and 31.4 kg/d), 3.5% FCM yield 
(31.0, 32.9 and 31.8 kg/d), fat concentration (3.53, 3.67 and 3.65%), lactose 
concentration (4.86, 4.89 and 4.84%) and feed efficiency on 4% FCM (1.50, 1.58 and 
1.54) when cows were fed diets at a fixed F:C (50:50) but increasing amounts of  corn
silage  from 0, 1⁄3 , and 
2⁄3, respectively in the forage portion. A tendency for 
increasing protein concentration (3.08, 3.15 and 3.19%) was observed with increasing 














   
  
Lechartier et al., (2010) reported a significant linear increase in milk yield (36.95, 
36.8 and 38.8 kg/d) and protein content (28.9, 28.25 and 30.2 g/kg) whereas a significant 
linear decrease in milk fat (27.4, 27.65 and 23.75 g/kg) with decreasing forage content of
the diet from 50, 35 and 20%, respectively. Milk fat content was greater for slowly 
degradable carbohydrates (27.7 g/kg) than rapidly degradable carbohydrates (24.9 g/kg). 
Both milk yield (37.9 versus 37.13 kg/d) and milk protein content (29.43 versus 29.80
g/kg) were similar between slowly and rapidly degraded carbohydrates sources, 
respectively. Mullins et al., (2009) reported linear increase in milk yield (30.9, 31.1, 31.7, 
and 31.3 kg/d) with increasing alfalfa hay inclusion at 0, 7, 14 and 21%, respectively in
diets with constant NDF (34%) level. Yield of ECM however, tended to increase with 
increasing hay levels while feed efficiency on ECM (1.16, 1.14, 1.16 and 1.15) remained 
similar. No effects of alfalfa inclusion rate were detected on fat content (3.75, 3.81, 3.75 
and 3.79%), protein content (3.47, 3.46, 3.44 and 3.44%) and lactose content (4.77, 4.75, 
4.81 and 4.76%). Britol and Broderick (2006) reported significantly decreasing yield of 
milk (41.5, 42.0, 41.5 and 39.5 kg/d and as 3.5% FCM; 43.3, 42.7, 40.5 and 38.7 kg/d)
and milk fat content (3.81, 3.58, 3.14 and 3.17%) with four diets maintained at F:C 
(50:50) but varying ratios of alfalfa to corn silages (51:0, 37:13, 24:27 and 10:40),
respectively . Milk protein content linearly increased (3.07, 3.13, 3.14 and 3.17%) as the 
proportion of corn silage increased. Both lactose content (4.88, 4.85 4.83 and 4.84%) and
SNF content (8.88, 8.90, 8.89 and 8.94%) remained unaffected by proportion of corn 
silage in diet. Feed efficiency (1.53, 1.58, 1.64 and 1.67) linearly increased as corn silage 
increased while 3.5% FCM feed efficiency (1.60, 1.60, 1.58 and 1.61) was not affected 







   







   
 
  
Kendall et al., (2009) reported greater milk yield (40.05 versus 37.55 kg) and 4% 
FCM (36.7 versus 33.8 kg/d) for lower (28%) NDF than greater NDF (32%) diet fed to 
lactating cows. Protein concentration was similar for the two NDF levels (2.90 versus
2.70%) but was numerically greater for lower (28% NDF) fiber diet than greater fiber 
(32% NDF) diet. Lactose content was greater for low fiber (28% NDF) diet (4.78%) than 
greater fiber (32% NDF) diet (4.74%). Milk fat had greater concentration for low fiber
(3.42%) than greater fiber diet (3.3%). Higher digestibility (62%) forage; anhydrous 
NH3-treated wheat straw (39.7kg/d), had greater milk yield than low (41%) digestibility 
forage; untreated wheat straw, (37.9 kg/d). Similar yield of milk (41.85 versus 39.85
kg/d), 3.5% FCM yield (41.3 versus 39.58 kg/d), fat content (3.37 versus 3.50%) and 
protein content (3.06 versus 3.06%) were reported between high F:C (55:45) and low F:C 
(45:55), respectively and neither did forage chop length have an effect, milk yield (40.15 
versus 41.55 kg/d), 3.5% FCM yield (40.15 versus 41.55 kg/d), fat content (3.49 versus
3.38%) and protein content (3.03 versus 3.08%) for 9.52mm and 19.05mm chop, 
respectively, (Soita et al., 2005). Oba and Allen (2000) fed cows lower NDF (29%) and 
greater NDF (38%) diets with either brown midrib3 mutant or conventional corn silage 
and reported greater milk yield  with lower NDF (28%) diet (35.2kg/d) than higher NDF 
(38%) diet (32.05 kg/d). A tendency for greater protein content was observed with lower 
NDF (28%) diet (3.13%) than higher NDF (38%) diet (3.08%) while milk fat content was 
greater for higher NDF diet (3.88%) than lower NDF diet (3.48%). Yield of 3.5% FCM 
(34.95 versus 34.20 kg/d), lactose content (4.75 versus 4.74%) and SNF content (8.58 
versus 8.53%) were all similar between low and high NDF diets, respectively. Yield of




    
  
      
  








   
 
  
corn silage (31.95 kg/d) while 3.5% FCM yield tended to be greater with brown midrib3 
mutant corn silage (35.7 kg/d) than convectional corn silage (33.45 kg/d). Content of 
milk fat was greater with conventional corn silage (3.79%) than brown midrib3 mutant
corn silage (3.57%). Feed efficiency on 3.5% FCM was greater for higher NDF (38%)
diet (1.53) than lower NDF (28%) diet (1.44) while it remained similar between brown 
midrib3 mutant (1.51) and conventional corn silage (1.47). 
Beauchemin et al., (1994) found decreasing milk yield from the two studies, study 
one (24.45, 23.7 and 22.35 kg/d) and study two (25.35, 22.9 and 22.35 kg/d) as the NDF
concentration increased from 32, 36 and 40%, respectively for orchardgrass hay and corn 
silage based diets used in studies one and two, respectively. Protein concentration linearly
decreased in both studies, study one (3.49, 3.46 and 3.37%) and two (3.52, 3.51 and 
3.25%) with increasing dietary NDF level. Lactose content linearly decreased, study one 
(4.76, 4.7 and 4.63%) and study two (4.6, 4.56 and 4.49%) with increasing NDF. Milk fat 
content conversely, linearly increased in both studies, study one (2.85, 3.41 and 3.57%) 
and study two (2.94, 3.48 and 3.88%) as NDF level increased. Protein level in study one 
tended to be greater for alfalfa (3.48%) than orchardgrass hay (3.4%) while in study two 
it was significantly greater for corn silage (3.54%) than alfalfa hay (3.42%). In study one, 
fat concentration did not vary with forage type between alfalfa (3.22%) and orchardgrass 
hay (3.33%) while lactose was greater with orchardgrass diet (4.74%) than alfalfa hay
(4.65%). In study two, lactose percentage tended to be greater for alfalfa (4.60%) than 
corn silage (4.51%). With diets containing 80, 70 and 60% of the total NDF from forage, 
(Sarwar et al., 1992) reported similar yield in milk (24.7, 24.2 and 25.2 kg/d), 4% FCM 

















content (3.46, 3.57 and 3.61%), though they numerically increased as forage NDF level
decreased from 80 to 60% in the diets. Feed efficiency on 4% FCM (1.14, 1.16, and 1.23) 
was not affected by level forage NDF though it was numerically greatest at 60% NDF. 
Valadeleres et al., (2000) reported linear increases in milk yield (31.2, 36.0, 39.8 
and 43.3 kg/d), 3.5% FCM yield (32.4, 37.7, 41.6 and 40.8 kg/d), protein content (2.85, 
2.94, 3.01 and 3.02%), lactose content (4.76, 4.81, 4.87 and 4.86%) and SNF content 
(8.37, 8.51, 8.64 and 8.68%) with cows fed diets with increasing concentrate level from
20, 35, 50 and 65%, respectively. Milk fat content (3.77, 3.83, 3.77 and 3.16%) however, 
showed both linear and quadratic decrease. Feed efficiency on actual milk yield tended to 
increase (1.41, 1.42, 1.50 and 1.71) as dietary concentrate level increased. West et al., 
(1998) reported linear decreases in milk yield (27.45, 26.55 and 25.70 kg/d), yield of
3.5% FCM (30.9, 29.55 and 28.30 kg/d) and protein content (3.53, 3.52 and 3.41%) when 
diets with increasing NDF levels (37.05, 41.55 and 44.65%) achieved through replacing 
corn silage with bermudagrass hay or silage at 8.5, 15.9 and 23.3% were fed to lactating 
cows. Milk fat percentage (4.44, 4.42 and 4.31%) was not affected by NDF level. Yield 
of 3.5% FCM (29.60 and 29.67 kg/d), and protein content (3.50 and 3.47%) did not show 
significant differences between hay and silage, respectively however, fat content was
greater with silage (4.46%) than hay (4.31%). Feed efficiency on actual milk (1.26, 1.255 
and 1.32) linearly increased with increasing bermudagrass content while feed efficiency 
on 4% FCM (1.43, 1.42 and 1.47) was similar at 8.5, 15.9 and 23.3% levels dietary of
bermudagrass. 
When alfalfa or orchardgrass hay were fed to cows at varying concentrate levels 















were reported, respectively though it was similar at 40 and 60% concentrate level. Yield 
of 4% FCM (21.5, 23.65 and 23.55 kg/d) was similar at 20, 40 and 60% concentrate 
levels, respectively. Milk fat content (3.72, 3.17 and 3.15) decreased with increasing
concentrate level in diet from 20, 40 and 60%, respectively but remained unaffected 
between 40 and 60% concentrate levels. Milk protein content (3.02, 3.0 and 3.12%) did 
not singnicantly vary with concentrate level though it was numerically greatest at 60% 
concentrate level. Feed efficiency on 4% FCM (1.14, 1.10 and 1.08) did not vary with 
concentrate levels of 20, 40 and 60%, respectively. Forage type did not affect milk yield 
(24.83 and 26.27 kg/d), milk fat content (3.37 and 3.32%) and milk protein content (3.05
and 3.04%) for alfalfa and orchardgrass hay, respectively, (Weiss and Shockey, 1991).
Holt et al., (2010) fed cows diets formulated with NFFS (48.6% forage) and without 
NFFS (57% forage) using either conventional corn or brown mid-rib corn silages and 
reported that milk yield (42.1 versus 42.4 kg/d), yield of 3.5% FCM (37.5 versus 36.85
kg/d), fat content (2.81 versus 2.69%), protein content (2.81 versus 2.86%), and lactose 
content (3.52 versus 3.61%) remained similar with diets without and with NFFS 
included, respectively. Both feed efficiency on actual milk yield (1.585 versus 1.59) and 
feed efficiency on 3.5% FCM (1.41 versus 1.37) were similar without and with NFFS, 
respectively. However, feed efficiency 3.5% FCM greater for conventional corn (1.44) 
than brown mid-rib (1.34) corn silage while feed efficiency on actual milk yield was 
similar between conventional corn silage (1.585) and brown mid-rib corn silages (1.59). 
Yield of milk (42.05 versus 42.45 kg/d), milk protein content (2.82 versus 2.80%) and
lactose content (3.54 versus 3.59%) were all similar between conventional and brown 












    
 
   
 
 
and milk fat content (2.94 versus 2.56%) were both greater for conventional than brown 
midrib corn silage.
Yield of milk (26.9, 26.25 and 24.75 kg/d) tended to linearly decrease while milk 
fat content (2.68, 3.06 and 3.31%) linearly increased when diets from either early or mid-
bloom alfalfa were fed to Holstein cows at increasing NDF concentration of 31, 34 and 
37%, respectively. Milk protein content (3.6, 3.54 and 3.57%) and lactose content (4.93, 
4.92 and 4.89%) were not significantly affected by dietary NDF 31, 34 and 37%, 
respectively. Yield of 4% FCM (21.35, 22.5 and 22.3 kg/d) was not affected by NDF 
level but tended to be greater for early (22.9 kg/d) than mid-bloom alfalfa hay (21.2 
kg/d). Milk yield (26.23 versus 25.67 kg/d), fat content (3.08 versus 2.95%) protein 
content (3.57 versus 3.57%) and lactose content (4.91 versus 4.91%) were similar with
early versus mid-bloom alfalfa hays, respectively), (Beauchemin, 1991). Greater yield of 
milk (37.00 versus 35.35 kg/d) was reported for higher (50:50) than lower (60:40) 
concentrate diets, respectively however, yield of 3.5% FCM (38.00 versus 37.10 kg/d),
lactose percentage (4.80 versus 4.78%) and protein percentage (3.23 versus 3.20%) did
not show significant differences between F:C (50:50) and F:C (60:40) diets, respectively. 
Milk fat percentage was greater for higher forage diet (4.03%) than lower forage diet 
(3.89%). Percentage total solids was greater for higher forage diet (12.68%) than lower
forage diet (12.57%). Milk yield (36.15 versus 36.2 kg/d), yield of 3.5% FCM (37.65 
versus 36.45 kg/d), fat content (3.99 versus 3.93%), protein content (3.21 versus 3.23%), 
lactose content (4.8 and 4.78%), and total solids (12.65 versus 12.60%) were not 














   
 





McGuffey et al., (1991) reported similar, though numerically decreasing, milk 
yield (33.5, 32.95 and 31.3 kg/d), 3.5% FCM yield (31.6, 32.1 and 30.55 kg/d) and 
significantly increasing fat content (3.17, 3.35 and 3.37%) with diets of increasing F:C
ratios of 40:60, 50:50 and 60:40 with corn:alfalfa silages (1:1) and with or without
(somidobove) bST. Inclusion of bST however, produced greater milk yield (34.23 kg/d)
than without bST (30.93 kg/d). Protein concentration remained similar (3.195, 3.185 and 
3.2%) as the F:C increased and bST inclusive diet produced numerically greater protein 
(3.21%) than bST non-inclusive diet (3.18%). Alhadhrami and Huber (1992) fed dairy 
cows alfalfa hays with different ADF concentrations (26, 28, 32 and 38%) at two F:C 
ratios (50:50 and 35:65). Similar yield of milk (29.0 versus 29.63 kg/d), yield of 3.5%
FCM (26.7 versus 27.1 kg/d), fat content (3.1 versus 2.98%), protein content (2.93 versus 
2.925%), lactose content (4.88 versus 4.83%) and SNF (8.65 versus 8.6%) were reported 
for 50% and 65% concentrate levels, respectively. Milk yield (29.6, 30.4, 28.45 and 28.8 
kg/d) linearly decreased as the ADF concentration increased while yield of 3.5% FCM 
(28.65, 26.15, 26.75, and 26.15 kg/d) was similar as dietary ADF level increased. All the 
milk components; Fat (3.25, 2.8, 3.2, and 2.9%), protein (3.0, 2.85, 2.95 and 2.9%), 
lactose (4.95, 4.85, 4.70 and 4.90%) and SNF (8.65, 8.5, 8.8 and 8.55%) were not
affected by ADF level however, an interaction between concentrate level and ADF level 
existed on protein and tendencies for the interactions were observed on lactose and SNF. 
Feed efficiency on actual milk tended to be greater for 65% concentrate diet (1.24) than 
50% concentrate diet (1.19) while it linearly declined (1.26, 1.24, 1.11 and 1.25) as 










West et al., (1999) fed cows diets with increasing proportions of bermudagrass 
hay (0, 7.6, 15.2 and 22.8%) in both cool and hot environment and reported no significant 
linear responses in milk yield (32.3, 32.6, 31.4 and 28.9 kg/d), yield of 3.5% FCM (30.3, 
32.2, 30.9 and 28.8 kg/d) while feed efficiency on 3.5% FCM (1.37, 1.57, 1.61 and 1.58) 
linearly increased to increasing dietary hay levels for the cool environment. Quadratic 
responses were however, observed for yield of actual milk (23.6, 25.8, 26.4 and 22.7 
kg/d), 3.5% FCM yield (23.2, 25.1, 25.5 and 23.0 kg/d) and 3.5% FCM feed efficiency 
(1.35, 1.53, 1.56 and 1.47) for the hot environment. 
Summary
Adequate intake of DM by high producing dairy cows is critical in supporting 
optimal production of quality milk. Intake of DM has shown to be affected by among 
other factors, dietary composition of rations which also has a serious influence on proper 
rumen function and milk composition in dairy cows. 
A lot of research with manipulation of dietary composition of F:C in dairy rations 
has shown significant responses in lactation performance of the cows. Cows have shown 
decreasing milk output trends with increasing inclusion of forage or fibrous feeds and 
increases have been associated with increasing concentrate level in the diets. In terms of 
milk composition, milk fat has shown significant increases with increasing dietary fiber 
while milk protein, lactose and SNF have shown to increase with increasing concentrate
level. Feed efficiency on fat-corrected milk has generally shown to be greater for higher
forage diets. The increase in concentrate levels of high producing dairy cows has been 
closely associated with ruminal health issues e.g. sub-acute ruminal acidosis. In such 













increasing prices of concentrate feed ingredients used and treatment to sick animals. Most
research work conducted in this field mainly focused of manipulation of total dietary F:C 
in which forages are combined in 1:1 ratios without focus on specific forage species. In 
many of these studies, alfalfa has been used alongside forage grasses like ochardgrass,
bromegrass, bermudagrass as a standard high quality forge. 
In conclusion, proper nutrition of dairy cows is necessary to maintain high milk 
yields of good quality compositionally as milk components are being currently used in 
the multiple component pricing. Dairy diets must be able to support adequate DMI 
without compromising ruminal and metabolic conditions by supplying adequate F:C ratio 
in a cost-effective way while at the same time maintaining production of adequate 
amount of high quality milk. In this current study, newly bred high quality alfalfa baleage
was used in the TMRs as a concentrate (grain mix) replacer in order to increase the 
forage level of the dairy rations fed to Holstein cows in their mid to late lactation phases. 
The primary objective of this study was to investigate the effects of using alfalfa 
baleage as a concentrate replacer in dairy diets on the lactation performance of Holstein 
cows in mid to late lactation phases. The specific objectives of the study were to 
investigate the effects replacing the concentrate (grain mix) with high quality alfalfa 
baleage on (a) DM and nutrient intake (b) dry matter digestibility (c) milk production (d) 
















Optimal production of superior quality milk in terms concentration and yield of 
milk components is one of the major goals of every dairy producer. With the current milk 
marketing orders in the United States, which employ multiple component pricing and pay 
producers based on components like fat, protein and other dairy solids (Bailey et al., 
2005; Heinrichs et al., 2005), it is really important to not only pay attention to milk 
volume but also components that ultimately determine the value of the milk. The multiple 
component pricing system has led producers to increase components like protein, fat and 
other solids (Schroeder, 2012). Many factors such as genetic, climatic, lactation stage, 
disease (mastitis), parity (age of cow) and feeding and nutrition management influence
milk yield and components concentration, (Nyamushamba et al., 2014; Looper, 2012; 
Varga and Ishler, 2010; Grant and Kononoff, 2007; Rajala-Schultz et al., 1999 and Rinn, 
1988).
Among these many factors, feeding and nutrition manipulation is one 
management strategy that has been observed to influence milk yield and milk 
components through several ways. Some of the nutritional manipulations known to have 
effects are plane of nutrition, F:C ratio, forage particle size, level of starch in the ration


















   
has impact on DMI, DM digestibility, milk production and several other metabolic 
changes involving ruminal VFAs (acetate, butyrate and propionate) concentrations, 
(Lascano et al., 2011; Lechartier et al., 2009; Qiu et al., 2003 and Voelker et al., 2002).
As far as synthesis of milk and its components is concerned, DMI is important as it 
supplies nutrients necessary for several biosynthetic processes of milk constituents and
dietary composition should be in such a physical and chemical form to promote optimal 
rumen function (Mirzaei-Aghsaghali et al., 2011 and West et al., 1998). 
Other than some nutrients and energy for synthesis of milk components 
originating from mobilization of bodily tissues, dietary nutrients are the major source. 
Digestion of fiber in the rumen produces acetate and butyrate as ruminal VFAs. Butyrate
is provides energy for the rumen wall and some of which may be converted to beta-
hydroxybutyrate (Varga and Ishler, 2010 and Heinrichs et al., 2005). About 50% of the 
milk fat is synthesized from acetate and beta-hydroxybutyrate in the mammary gland 
while the other 50% is derived directly from blood circulating fatty acids either from liver
synthesis, dietary nutrient absorption or body fat mobilization (Varga and Ishler, 2010;
Palmquist, 2006; Heinrichs et al., 2005; Moran, 2005 Bauman and Griinari, 2003 and 
Linn, 1988). Rumen microbes convert dietary protein to microbial protein which then 
becomes a key source of essential AA for milk protein synthesis as evidenced by the 
great similarity in AA profiles between rumen microbes and milk protein (Varga and 
Ishler, 2010 and Heinrichs et al, 2005). Glucose, that supplies energy for milk protein 
synthesis is synthesized in liver from glucogenic VFA propionate, or absorbed through














gluconeogenesis by using some glucogenic AA which may reduce AA availability for 
milk protein synthesis, (Varga and Ishler, 2010 and Heinrichs et al., 2005).
Alfalfa is one of the commonly utilized forage crops in dairy production systems. 
It is fed to 62% of the dairy cows in the United States (Mullins et al., 2009) and also
considered to be high quality forage crop due to low fiber but high protein content 
(Khorasani et al., 2001). Currently, there is increased use of concentrates in order to high 
milk yields in high producing cows (Hayirli et al., 2002) which is associated with high 
production costs (Kristensen et al., 2015) and metabolic health problems (Zebeli et al.,
2012 and Yang and Beauchemin, 2007). In view of effects of dietary manipulation on 
feed intake, DM digestibility and metabolic processes involved in synthesis of milk and 
its components and also quality of alfalfa as a forage crop, this study was designed to test
alfalfa as concentrate replacer in dairy rations based on the hypothesis that production of
milk and concentration of milk components do not significantly differ due to dietary level 
of alfalfa baleage. Alfalfa baleage was utilized as a concentrate replacer due to it high 
quality as a forage crop and its increased dietary inclusion was a way of reducing feed 
costs and alleviating metabolic disorders associated with increased use of concentrates. 
With respect to the multiple component pricing of milk, the study could generate 
knowledge on the value of alfalfa baleage as concentrate replacer on concentration of
milk components which ultimately determines the value of milk. 
Materials and Methods
Experimental Design and Treatment Diets
The experiment was conducted as a RCBD design in which a cow was used as an 

















and the experimental cows were blocked by DIM (>251 d and ≤251 d). Diets comprised
of corn silage, alfalfa baleage, coastal bermudagrass hay, clarifly and concentrate mix 
compounded by Purina Mills® were formulated at two F:C ratios for lactating Holstein 
cows. The high cow or F:C (50:50) ration, on as fed basis, comprised of 30.46 kg (corn 
silage), 8.92 kg (alfalfa baleage), 0.82 kg (coastal bermudagrass hay), 11.82 kg (PME 
feed or concentrate mix), 0.81 kg (Clarifly) and 0.95 kg (water) while the low cow or F:C 
(60:40) ration, on as fed basis, comprised of 30.46 kg (corn silage), 14.36 kg (alfalfa 
baleage), 0.82 kg (coastal bermudagrass hay), 8.64 kg (PME feed) and 0.81 kg 
(Clarifly).Water was only added to the F:C (50:50) ration and increased forage
concentration was achieved by replacing some part of the concentrate mix with an 
additional alfalfa baleage. The diets were formulated in accordance with the nutrient
requirements for lactating dairy cows as established in nutrient requirements of dairy 
cattle (NRC, 2001). The concentrate was comprised of ground corn grain, soybean hull
pellets, soybean meal 47.5% CP solvent extracted, cotton seed meal, blood meal, poultry 
meal, fishmeal (menhaden) and several other supplemental minerals and additives such as 
calcium carbonate, calcium monocarbonate, white potassium chloride, salt (NaCl), 
sodium bicarbonate, vitamin trace mineral mix, megalac, MTB-100, urea 281% CP, corn 
ethanol, magox 54%, selenium 06, zinpro4-plex as per recommended by Mississippi 
State University dairy department. The forage hay and baleage were chopped to similar 


















The research trial was conducted from 20th July, 2014 to 15th August, 2014 at the 
Bearden Dairy Research Center of Mississippi State University using the free-stall barn 
structures. The experiment was in accordance with conditions for the care and welfare of
animals stipulated by Mississippi State University Animal Care and Use Committee. 
A total of nineteen (19) first lactation Holstein cows with an average BW of 
611.94 ± 47.76 kg (mean±SD), average milk yield of 27.67 ± 5.305 kg (mean±SD) and 
average DIM of 245.6 ± 50.02 days (mean±SD) were selected for the study. The cows 
were blocked by DIM into two groups (> 251 d and ≤ 251d) and randomly allocated to
the two treatment diets designated low forage (F:C, 50:50) and high forage (F:C, 60:40) 
within each DIM category such that the low forage treatment had 9 cows and high forage 
treatment had 10 cows. Due to injury one cow in the in the low forage treatment was 
withdrawn midway through the study period. 
All cows were housed in one barn in which they were separated by structural
boundaries to separate treatment groups. The cows were individually trained to use 
electronic feeding Calan gates system (American Calan Inc., North Wood, NH) for one 
week. After training, the cows were acclimated to experimental diets for one week. 
Treatment diets were fed twice daily at 06:00 and 17:00 hours and orts were weighed at 
24 hour interval prior to the morning feeding to determine individual feed intake. 
Animals had ad libitum access to plenty clean water throughout the trial. Cows were 



















Data and Sample Collection
Initial BW of the cows were taken at the onset of the trial and during the 
experimental weeks three and four (after training and acclimatization) from which ADGs 
were calculated. Data on heart girth were taken in the third and fourth weeks while body
condition scores were taken on the last and fourth week. Feed intake data was collected 
throughout the trial by subtracting orts weight form initial feed weight on daily basis. 
Intake date on trial day 16 (8/13/14) was treated as outlier as feed was delivered to the
animals 6 hours late due to other mechanical problems hence tremendously reduced 
intake. Digestibility was determined using alkane method where morning and afternoon 
feed and fecal samples were collected daily in the last four experimental days. Milk 
production data for each individual cow was collected on a daily basis using Westfalia 
Surge® automated milking machine that recorded weights at each morning and afternoon 
milking time. Milk production data for trial day 10 (8/7/14) was treated as outlier as cows 
were accidentally locked in the barns denying them access to water for longer period 
which reduced milk yields. Milk yields were converted to 4% FCM using the formula 4%
FCM = (0.4*Kg milk) + (15*Kg fat) according to Jurgens and Brengendal, (2007) which 
was also used to determine feed efficiency expressed as kg FCM milk per kg DMI 
(Shirey, 2006 and Britt et al., 2003).
Three types of samples that were collected during the trial; feed, fecal and milk 
samples. Fecal grab samples were collected in the last four experimental days during the 
morning and afternoon feeding sessions. Both the feed and fecal samples were weighed 
and oven dried at around 60oC until a consistent weight difference of less than1 g was


















    
    
during both 04:00 a.m and 03:30 p.m milkings on three separate days; mid-week of 
second, third and fourth weeks of the experiment. Milk samples were preserved 
immediately using Broad Spectrum Microtabs II™ tablet (Weber Scientific®, Hamilton, 
NJ) containg 8 mg Bronopol and 0.30 mg Natamycin which was added to each sample
and chilled at 4oC awaiting further analysis for milk components at DHIA laboratory. 
Sample Analysis 
All feed and orts samples were ground through a 2 mm sieve in a Thomas Wiley 
Mill® (Thomas Scientific, Philadelphia, PA) after which sub-samples from the ground 
materials were analyzed for DM, CP, NDF, ADF and ash by using procedures
recommended by AOAC, (2000). For DM analysis, 2.0 g of the sample (feed, orts and 
feces) were weighed into a crucible and oven dried at around 100oC for at least 24 hours
then reweighed to determine moisture. For ash analysis, dry ashing was used where
samples were placed in a muffle furnance at 550 to 600 oC for at least five hours until 
white ash formed then cooled and weighed to determine the ash content. Crude protein of 
the samples were determined using the kjeldahl nitrogen method (AOAC, 2000) in which 
the determined nitrogen content was used to calculate CP concentration using the formula 
CP% = N% * 6.25.Concentration of NDF and ADF fractions of the samples was 
determined using the van soest detergent procedure of forage analysis where the samples
were sequentially digested in neutral detergent solution and then acid detergent Solutions, 
(Goering and Van Soest, 1970 and Van Soest et al., 1991).
Feed and fecal samples collected in the last four days, were analyzed with gas 
chromagraphy to determine concentration of  Tritriacontane (C33 alkane) according to





















sieve in a Thomas Wiley Mill® (Thomas Scientific, Philadelphia, PA). A sample 
weighing 0.1 g of either feed or fecal material was placed in a 4-mL GC vial to which 50 
µL of an internal standard solution (ISTD) of tetratriacontane (C34 alkane) was added.
Then 2 mL solution of 1 M KOH in ethanol was added to the vial contents which were
then heated in a 900C water bath for 4.5 hours until contents became clear. The contents 
were cooled to 50 - 60 oC, 2 mL of heptane and 0.6 mL of distilled water were added, and 
contents were shaken vigorously for 2 minutes until they separated into 2 liquid layers. A
top layer of sample was transferred to a 4-mL GC vial and evaporated in dry block heater 
at 80oC for a maximum of 30 minutes. The dried contents were reconstituted with 0.3 mL 
of heptane and applied to a silica gel cartridge. The vial was again washed with 0.1 mL of
heptane and contents were applied to the same silica gel cartridge. The cartridge was
washed with 2.4 mL of heptane into a third GC vial which was evaporated in dry block
heater at 80oC for a maximum of 30 minutes. The vial contents were reconstituted in 0.25 
mL of n-dodecane then transferred to either a 2 mL GC vial or GC vial with 0.3-mL 
insert for GC analysis. The Tritriacontane (C33 alkane) concentrations determined in the 
feed and fecal samples were then used to determine the DMD% using the following 
formula (Premaratne et al., 2005)
D (%) = [1-(Recovery rate of C33*(H33/F33))]*100 
Where D is the digestibility (%), H33 is the concentration of C33 alkane in feed and F33 is 
the concentration of C33 alkane in feces in mg/kg DM.
All milk samples collected were analyzed at the Mid-South DHIA Laboratory in 
Missouri for milk components including milk fat, milk protein, lactose, solids not fat 









Data generated from the study were compiled by ration F:C, DIM, week of study. 
Data included DM and nutrient intake, DMD, ADGs, weekly BW, BCS, feed efficiency, 
milk yield, 4% FCM yield, and milk components; fat, protein, lactose, SNF, SCC. 
Analysis of variance (ANOVA) was used to statistically analyze data using the general 
linear model (GLM) procedure of SAS 9.4 with ration F:C and DIM as main effects and 
interactions between factors were also tested. Week of study was included to observe the 
general trends on some parameters. Ration F:C*week interactions on the production 
paramaters were tested but were not considered as they were not significant on all 
parameters The LSD procedure was used to separate means when week of study had 
significant effect while LSM procedure was used to separate means when significant 













   
RESULTS AND DISCUSSION
Dry Matter Intake, Nutrient Intake and Dry Matter Digestibility
The ingredient and chemical composition of the diets and their orts are presented 
in Table 1. The concentration of CP, NDF, ADF and ash in the high forage diet were 
15.74%, 35.51%, 21.25% and 7.58%, respectively while in the low forage diet there were 
16.32% CP, 33.76% NDF, 20.12% ADF and 8.09% ash. As expected, the high forage 
diet had more NDF (1.75%) and ADF (1.13%) originating from the additional alfalfa 
baleage, though their orts had minor numerical differences in these nutrients' 
concentrations signifying the impact of feed sorting behavior that was observed with 
several cows during feeding.
The DM and nutrient intake data have been summarized in Tables 2. Intake of 
DM (21.92 versus 21.18 kg/d, respectively; P=0.02) was significantly greater for lower
forage than higher forage diet while OM intake (19.58 versus 20.14 kg/d, respectively; 
P=0.057) did not differ between higher and lower forage diets. In overall terms, DMI and 
OMI were always greater with low forage diet (Figure 1) throughout the trial period. The 
DIM (≤ 251 and ˃ 251 d) of cows in the treatment diets did not produce significant 
effects on DMI (21.38 versus 21.63 kg/d, respectively; P=0.45) and OMI (19.71 versus 
19.94 kg/d, respectively; P=0.45) however, both DMI (21.83, 21.87 and 20.37 kg/d, 






   
 
   









   
 
   
varied with week of trial and were similar for weeks 1 and 2 but lower in week 3, (Figure
2). There were no significant interactions between diet*DIM. Intakes of NDF (7.39 
versus 7.41 kg/d, respectively; P=0.7) and ADF (4.51 versus 4.42 kg/d, respectively; 
P=0.26) were not affected by dietary F:C, for higher forage versus lower forage diets, and 
on overall, it was greater for a high forage diet throughout the study, (Figure 3). Intake of 
NDF varied with week of study (7.51, 7.52 and 7.00 kg/d) and was similar in weeks 1 
and 2 and lower (P=0.0016) in week 3. Intake of ADF (4.53, 4.55 and 4.23 kg/d) showed 
a similar trend (P=0.0014) as NDF during the weeks 1 and 2 and lower in week 3 (Figure 
4). Cows’ DIM did not influence intakes of NDF (7.35 versus 7.44 kg/d, respectively;
P=0.44) and ADF (4.44 versus 4.49 kg/d, respectively; P=0.44) for ≤ 251 and ˃ 251 d
and no interactions between diet*DIM were observed on the two. Crude protein intake 
was greater (P<0.0001) with less forage (F:C, 50:50) diet (3.58 kg/d) than greater forage 
(F:C, 60:40) diet (3.28 kg/d). Study week (3.46, 3.47 and 3.23 kg/d, respectively;
(P=0.0019)) for week 1, 2 and 3 had a significant effect on CP intake, where weeks 1 and 
2 had similar but greater CP intakes than week 3, (Table 2, Figures 5 and 6). Effect of 
DIM on CP intake (3.39 versus 3.43 kg/d, respectively; (P=0.47)) was not significant 
between cows in ≤ 251 and ˃ 251 d DIM categories. No interactions between diet*DIM 
(P=0.51) were detected on CP intake. Greater ash intake (1.78 versus 1.58 kg/d, 
respectively; (P<0.0001)) was found for a lower than higher forage diet, and also varied 
with study week (1.70, 1.71 and 1.59 kg/d, respectively; (P<0.0001)) for weeks 1, 2 and 
3. Intake of ash was lower in week 3 than weeks 1 and 2 that were similar (Table 2,
Figures 5 and 6). Ash intake was neither affected by DIM (1.67 versus 1.68 kg/d, 















between diet*DIM (P=0.55). Throughout the study, both CP and ash intakes of lower
forage diet were generally above those of high forage diet. Digestibility of dry matter did 
not differ by dietary F:C (39.65 versus 41.64%, respectively; (P=0.48)) for higher and 
lower F:C diets even though it was numerically greater for lower forage diet and DIM 
(42.37 versus 38.69%, respectively; (P=0.21)) did not have a significant effect either for 
≤ 251 than ˃ 251 d DIM cows but was numerically greater for the cows in ≤ 251 d DIM 
category.
The impact of F:C ratio, on DMI and OMI has been well researched and 
documented in the field of dairy nutrition. Current findings from this study do conform to
the findings of many other researchers (Lechartier et al., 2009; Martinez et al., 2009;
Kendall et al., 2008; Yang and Beauchemin, 2007; Whitlock et al., 2003; Voelker et al., 
2002, and Oba and Allen, 2000) who reported lower DMI and OMI at greater forage or 
NDF levels. Differences in DMI and OMI in this current study could be attributed to 
dietary factors as the overall BW (as a determinant of daily DM requirement) of the cows 
did not differ either by diet (618.2 versus 618.63 kg, respectively; (P=0.84)) for high and 
low forage diet, or week (616.38, 615.14 and 623.85 kg, respectively; (P=0.89)) for 
weeks 1, 2 and 3 (Table 4). The lower DMI and OMI for high forage diet could possibly 
be due to rumen fill factors through a slightly higher NDF concentration, a major intake 
determining factor in ruminants (Van Soest, 1994). Mertens (2009) reported that NDF 
concentration is negatively related to intake and for high forage (low energy dense) diets, 
the larger amount of feed needed to meet the energy demand of the animal exceeds the 
capacity of the animal to eat, hence intake is limited by fill. The fibrous material of high 
















   
 
digestion and passage. Our current findings on DMI and OMI however, do not agree with 
work by other researchers (Soita et al., 2005; Qiu et al., 2003; Murphy et al., 2000 and 
Alhadhrami and Huber, 1992) who reported greater or tendencies for greater DMI with
high forage diets. 
Results on greater CP intake that have been reported with low forage diet from
this present study agree with findings reported by several other workers (Voelker et al., 
2002; Khorasani et al., 2001; Oba and Allen, 2000; Murphy et al., 2000 and Ruiz et al., 
1994). In their studies, they found significantly greater intakes of CP with lower forage 
diets due to dietary composition and increased DMI. Both NDF and ADF intakes from
this study were similar between higher and lower forage diets and these results do agree 
with the findings reported by others (Lechartier et al., 2009; Yang and Beauchemin, 2008 
and Khorasani et al., 2001). The results are however, not in agreement with findings 
reported by other workers (Lascano et al., 2011; Kendall et al., 2008; Yang and 
Beauchemin, 2007; Voelker et al., 2002; Murphy et al., 2000; Valadares et al., 2000;
Beauchemin, 1994 and Ruiz et al., 1994) who found greater NDF and ADF intakes with 
greater forage diets. In our study, the differences in NDF (1.75%) and ADF (1.13%) 
concentration between higher forage and lower forage diets were relatively small but
significantly influenced intake as compared to their diets in which the differences in 
either total NDF or forage NDF between higher and lower forage diets were in the ranges 
of 3 to 9% (Kendall et al., 2008 and Yang and Beauchemin, 2007). The intakes of CP, 
NDF ADF and ash in this study are therefore, a reflection of the DMI and nutrient 
composition of the diets used as the overall BW of animals between treatment diets and 
week were not significantly different. Other than dietary factors, the general uniform
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trend in the decline of intakes of DM and all other nutrients in the third week could have 
been influenced by environmental factors (e.g. THI)
The digestibility of DM by dairy cows has also shown to be affected by dietary 
factors such as ingredient type, composition and F:C ratio. The DMD of the diets in this 
study did not show significant differences due to the dietary F:C (39.65 versus 41.64%, 
(P=0.48)), for the higher and lower forage diets, respectively. Similar results have been 
reported by previous researchers (Martinez et al., 2009; Yang and Beauchemin, 2007; 
Qiu et al., 2003; Voelker et al., 2002; Khorasani et al., 2001 and Weiss, 1991) who found
similar digestibilites in DM between higher and lower forage diets while they remained 
numerically greater for low forage diets. The results however, are not consistent with 
findings of others (Lascano et al., 2011; Lechartier et al., 2009; Valadares et al., 2000 and 
Oba and Allen, 2000) who reported greater or linear increases in DMD with lower or 
decreasing forage or forage NDF level in diets. As observed on DMI and nutrient intake 
above, minor differences in NDF and ADF concentration between higher and lower
forage diets could have slightly impacted on rumen digestion kinetics that affect
digestibility of DM such as rumen retention time and rate of passage as ADF is good 
predictor of DMD. Differences in form, type and maturity stage of forages used (hays
versus silages, grasses versus legumes and early versus mid-bloom) could have 
contributed to differences in digestibility between our study and others (Beauchemin et
al., 1994; Sarwar and Eastridge 1992 and Beauchemin 1991). In this study the same corn 
silage and alfalfa baleage were used but proportions in diet differed. The digestibility 
values from this study of 39.65 and 41.64% were lower than those reported by others












     





al., 1996). The difference in values could be attributed to method used to determine DM 
digestibility. This study used alkane as internal marker unlike other studies. The n-
alkanes as markers are saturated aliphatic hydrocarbons of plant epicuticular wax 
(Premaratne et al., 2005) with greatest concentration in leaves and floral parts (Dove and 
Mayes, 2006) of herbage species. Diets used in our study were not predominantly
comprised of herbage but also different feed ingredients of plant grain, animal and 
synthetic origin which negatively impacted on the alkane concentration in feed and feces.
Body Measurement Parameters
Data on all the body measurement parameters taken during the trial period are 
summarized in Tables 3. Average BW of the cows did not differ (P=0.84) between higher
forage (F:C; 60:50) diet (618.2 kg) and lower forage (F:C; 50:50) diet (618.63 kg). Study 
week did not affect BW (616.38, 615.14 and 623.85 kg, respectively; P=0.8) for weeks 1, 
2 and 3 (Figure 7). Cow DIM produced a significant influence on BW (593.2 versus
641.7 kg, respectively; (P=0.001)) for cows in ≤ 251 and ˃ 251 d DIM categories (Figure
8) indicating significant weight from growing fetus at later stages of pregnancy and that 
cows were still growing towards attaining mature BW .No interactions between dietary 
F:C*DIM (P=0.24) were detected for BW. Mean heart girth measurements did not vary 
between (P=0.62) between higher forage diet (209.41 cm) and lower forage diet (210.89 
cm). Similar mean heart girth (P=0.55) were observed for week 2 (209.41 cm) and week 
3 (210.89 cm) when they were taken. Significant differences in heart girth measurements
(81.65 versus 83.75 in, respectively; P=0.04) were however, detected between cows in ≤ 

















   
(P=0.28) were detected on heart girth. Treatment diet did not have significant effects on 
the ADGs P=0.4) between cows in higher forage (0.7 kg/d) and lower forage diet (0.4
kg/d) however, ADGs varied (P=0.004) by study week, with cows losing weight with
week 1 (-0.11 kg/d) and gaining weight in week 2 (1.23 kg/d). Similar ADGs (P=0.8)
were observed between cows in ≤ 251 d DIM (0.53 kg/d) and those in > 251 d DIM (0.59 
kg/d). No interactions between diet*DIM (P=0.5) were detected on ADGs. The BCS of 
the cows remained similar (P=0.6) between higher forage (2.88) and lower forage diet 
(2.91) and similarities (P=6) were also observed between cows in ≤ 251 d DIM (2.88)
and > 251 d DIM (2.91).
The general loss of weight for cows in week 1 signifies the struggles for cows to 
access feed using the Calan gates automated system during training period which could 
have affected DMI as some other cows fail to open gates for long periods and struggle for 
feed at any gate opened by one hence reducing intakes. Regardless of a slightly and 
numerically greater DMI (Table 2) observed with cows in > 251 d DIM, increased 
maintenance requirements due to fetal growth while naturally declining in milk yield 
could have off-set gains while for cows in the ≤ 251 d DIM, increased nutrient demand 
for milk production persistence could have been off-setting gains thereby resulting in 
similar ADGs.
Milk yield, Milk Components' Yield and Feed Efficiency 
The lactation performance parameters data on yields of milk, 4% FCM, milk fat 
and milk protein and feed efficiencies are summarized in Tables 4. Average milk 
production was similar (P=0.55) between higher forage diet (30.21 kg) and lower forage
















   
 
cows in ≤ 251 d DIM (30.10 kg) and ˃251 d DIM (29.29.96 kg/d) Yields of milk were 
however, different by study week (30.29, 31.41 and 27.99 kg/d, respectively; P=0.019) 
for weeks 1 2 and 3 in which weeks 1 and 2 gave similar yield which were greater week 3 
(Figure 10). An interaction between diet*DIM was significant (P<0.0001) in which case 
for ≤ 251 d DIM cows, low forage diet produced 4.13 kg/d more milk than high forage
diet (28.06 versus 32.19 kg/d) while for the ˃251 d DIM of cows, high forage diet 
produced 4.73 kg/d more milk than low forage diet (31.95 versus 27.22 kg/d); (Table 4). 
There were no significant differences (P=0.47) in yield of 4% FCM between higher 
forage diet (29.21 kg/d) and lower forage diet (29.81 kg/d); (Figure 11). Both DIM (29.36 
versus 28.47kg/d, respectively; P=0.01) for ≤ 251 and ˃251 d and study week (29.43, 
29.67 and 27.32 kg/d, respectively; P=0.0006) for weeks 1, 2 and 3 had significant 
effects on production of 4% FCM (Table 4). Though yield was similar between weeks 1 
and 2, they were greater than week 3. A significant interaction of diet*DIM (P<0.0001) 
was detected on 4% FCM in which case for ≤ 251 d DIM cows in lower forage diet
produced 4.31 kg/d more 4% FCM (27.27 versus 31.58 kg/d) than higher forage diet 
while for ˃251 d DIM cows, higher forage diet produced 5.07 kg/d more 4% FCM (30.63 
versus 25.56 kg/d) than lower forage diet. Fat yield remained similar (P=0.46) between
higher forage diet (1.14 kg/d) and lower forage diet (1.11 kg/d), though it was 
numerically greater for higher forage diet, (Figure 12). Cows in ≤ 251 d DIM produced
greater (P=0.001) fat (1.15 kg/d) than cows in ˃251 d DIM (1.1 kg/d). Just like 4% FCM, 
yield of fat varied with week (1.15, 1.14 and 1.08 kg/d, respectively; P=0.02) for weeks 
1, 2 and 3, with similar but significantly greater yields in weeks 1 and 2 than week 3 








   
 
    
 
  
   
    
 





which case for ≤ 251 d DIM cows, lower forage diet produced 0.18 kg/d more fat (1.07
versus 1.25 kg/d) than higher forage diet while for ˃251 d DIM cows, higher forage diet 
yielded more fat by 0.21 kg/d (1.19 versus 0.98 kg/d) than lower forage diet. Yield of 
protein remained similar (P=0.31) between higher forage diet (0.93 kg/d) and lower
forage diet (0.92 kg/d), and it was also remained similar P=0.92) between ≤ 251 d DIM 
cows (0.93 kg/d) and ˃251 d DIM cows (0.94 kg/d). Protein yield however, varied with
study week (0.95, 0.98 and 0.87 kg/d, respectively; P=0.0001) for weeks 1, 2 and 3 in 
which week 3 yielded lesser protein compared to weeks 1 and 2 which were similar 
(Figure 13). A significant interaction (P<0.0001) between diet*DIM existed on protein 
yield in which case for ≤ 251 d DIM cows, lower forage diet produced 0.12 kg/d more
protein (0.87 versus 0.99 kg/d) than higher forage diet while for ˃251 d DIM cows, 
higher forage diet produced 0.1 kg/d more protein (0.98 versus 0.88 kg/d) than lower
forage diet. There was a tendency (P=0.07) for greater feed efficiency on actual milk 
yield for higher forage (1.48) than lower forage diet (1.41). Feed efficiency on actual 
milk yield (P=0.04) also greater for ≤ 251d DIM cows (1.48) than >251 d DIM cows 
(1.42) and by study week, it remained (P=0.2) similar (1.40, 1.36 and 1.49, respectively)
for weeks 1, 2 and 3. A tendency (P=0.056) for greater feed efficiency on 4% FCM was 
detected for a higher forage diet (1.42) than lower forage diet (1.35); (Figure 14)
however, it was greater (P=0.003) for ≤ 251d DIM cows (1.44) than ˃251d DIM cows 
(1.35). Study week did not affect feed efficiency on 4% FCM (1.36, 1.38 and 1.45; 
P=0.15) for weeks 1, 2 and 3, respectively, (Figure 15).An interaction between diet*DIM 
was significant (P=<0.0001) on 4% FDM feed efficiency in which case, for ≤ 251d DIM 















while for ˃251d DIM cows, higher forage diet was 0.29 more efficient (1.48 versus 1.19) 
than lower forage diet. 
Dietary manipulations of rations in terms of F:C ratio or NDF concentration have 
shown no effects on the yield of milk, FCM and also feed efficiency of lactating cows. 
Results from our study have indicated similar yields of milk (30.21 versus 29.81 kg/d) 
and 4% FCM (29.81 versus 29.43 kg/d) between high and low forage diets fed to mid and 
late lactation Holstein cows. The results are consistent with those reported by others
(Augerre, 2011; Holt et al., 2010; Martinez et al., 2009; Soita et al., 2005; Qiu et al., 
2003; Murphy et al., 2000; Harmison et al., 1997; Sarwar et al., 1992 and McGuffy et al., 
1991). All these studies have reported similar yields in milk and FCM at different F:C 
and/or concentrations of either total or forage NDF in the diets even though some other
dietary manipulations were also made. Martinez et al., (2009) reported similar yields of 
milk and 3.5% FCM in both of their studies between F:C ratios of 50:50 and 60:40 
though the different proportions of alfalfa to corn silages (55:45 and 30:70) were used. 
The current findings are however, not conforming to the findings of several other 
researchers (Kendall et al., 2009; Yang and Beauchemin, 2007; Whitlock et al., 2003; 
Voelker et al., 2002; Oba and Allen, 2000; West et al., 1999 and Friggens et al., 1998). 
Greater yields of milk were reported for low than high forage/NDF diets in these studies, 
though in many cases, 4% or 3.5% FCM reported were similar between higher and lower
forage diets indicating milk from higher forage diets had relatively greater fat 
concentration. Differences in milk yield between the current and previous studies could 
be attributed to DMI in relation to dietary composition. Differences in total or forage 



















much wider than the one that was found in the present diets. The greater fiber diets could 
be limiting DMI in the cows through rumen fill from the fibrous material of forages 
thereby presenting less digestible OM for cows to use to support milk production 
(Harmison et al., 1997). In addition to fiber level, the high proportion of concentrates in
lower fiber diets could be providing more energy to increase microbial activity and yield 
thereby supplying more nutrients and energy for milk synthesis (Harris and Bachman, 
2003). This was not the case in the present study in which there was a minor difference in 
NDF thereby not putting a marked difference in DMI though it was significant hence 
resulting in decreased energy difference available for milk production between greater
and lesser F:C. diets.
Similar feed efficiencies on both actual milk (1.48 versus 1.41, (P=0.07)) and 4% 
FCM (1.42 versus 1.35, (P=0.056)) with tendencies of being greater for higher forage diet 
have been observed from this study. The current findings are in tandem with findings of 
others (Holt et al., 2010; Whitlock et al., 2003; West et al., 1998; Weiss and Shockey, 
1991). Both West et al., (1998) and Weiss and Shockey, (1991) who found similar feed 
efficiencies on 4% FCM though were numerically greater with higher forage level. Based 
on 3.5% FCM feed efficiencies, both Whitlock et al., (2003) and Holt et al., (2010) also 
reported similar though were numerically greater feed efficiency values with greater
forage diets (F:C ,60:40 and 57% forage) than lower forage diets (F:C (50:50 and 57%). 
Oba and Allen, (2000) reported greater feed efficiencies with greater NDF (28%) than 
lower NDF (38%) diet. Despite that other researchers found differences in feed 
efficiencies between high and low diets than in this current study, the strong tendencies
for greater feed efficiencies with high forage diet found in this present study depict the 
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strong trend for higher feed efficiencies with high forage diet. DIM has an impact on feed 
efficiency in dairy cows and findings from this study showed that cows ≤251 d DIM 
(1.40 ) had a greater feed efficiency on 4% FCM of than cows ˃251 d DIM (1.35). The 
findings are in line with other reports by Linn et al., (2010) and Shaver, (2010) that 
indicated that highest feed efficiencies occur in early and lowest efficiencies occur in late 
lactation. Lower efficiencies occur in late lactation due to increased maintenance
requirements due to fetal growth which therefore increases nutrient demand and also 
there is natural decrease in milk yield without a proportional decrease in DMI.
Percentage Concentration of Milk Components
Data on lactation performance in terms of concentrations of milk components are 
shown in Tables 5. Milk fat concentration did not differ (P=0.89) between higher forage 
diet (3.77%) and lower forage diet (3.75%). No differences (P=0.18) were observed in
percentage of milk fat between cows in ≤ 251 d DIM (3.84%) and those in >251 d DIM. 
group (3.86%) and study week (P=0.26) did not influence fat content (3.83, 3.62 and 
3.83%, respectively) for weeks 1, 2 and 3. There were no interactions (P=0.42) between
diet*DIM on fat concentration. Protein percentage tended to be greater (P=0.07) for 
lower forage diet (3.19%) than higher forage diet (3.10%) however, no differences 
(P=0.81) were detected due to DIM, (3.11 versus 3.16%, respectively) for those cows ≤
251 and >251 d DIM. Protein percentage did not vary (3.16, 3.12 and 3.14%, 
respectively; P=0.81) for weeks 1, 2 and 3. An interaction (P=0.02) between diet*DIM 
existed for milk protein, in which case for ≤ 251d DIM cows, similar protein content
were produced between higher forage (3.13%) and lower forage diet (3.10%) while for >


















3.28%) high forage diet. Lactose percentage was neither affected by dietary F:C (4.86 
versus 4.91%, respectively; P=0.23) for high and low forage diets nor was it affected by 
DIM (4.89 versus 4.87%, respectively; P=0.71) for DIM ≤ 251 and > 251 d. Lactose
percentage did not vary with week of study (4.88 versus 4.88%, respectively; P=0.87) for 
weeks 2 and 3. A tendency (P=0.06) for an interaction between diet*DIM existed for
milk lactose concentration. Within the ≤ 251d DIM category, high forage diet (4.94%) 
produced numerically greater lactose concentration than for low forage diet (4.88%) and 
within the >251 d DIM category, low forage diet produced 0.15% greater lactose 
percentage than (4.80 versus 4.95%) high forage diet. Percentage SNF was greater 
(P=0.04) with lower forage diet 9.06%) than higher forage diet (8.93%) however, it was 
similar (P=0.88) between ≤ 251 d DIM cows (9.00%) and > 251 d DIM (8.93%). 
Percentage SNF varied (9.12, 8.91 and 8.93%, respectively; (P=0.02)) for weeks 1, 2 and 
3. An interaction between diet*DIM (P=0.0003) was detected for in SNF, in which case, 
for the ≤ 251 d DIM cows, higher forage diet (9.05%) gave similar SNF percentage lower 
forage diet (8.93%) while for the > 251 d DIM cows, lower forage diet produced 0.38% 
greater SNF percentage (8.81 versus 9.19%) than higher forage diet.
Findings on milk fat percentages from this study indicate no differences between 
higher (60%) and lower (50%) forage diets. The findings are in agreement with previous 
findings of others (Holt et al., 2101; Martinez et al., 2009; Soita et al., 2005; Murphy et 
al., 2000; Harmison et al., 1997 and Ruiz et al., 1994) who found similar fat percentages 
in milk though the differences in F:C ratios could be much wider in some cases than in
this study. Murphy et al., (2000) found similar fat percentages between diets with 30 and 













46 and 57% though other dietary manipulations. The present findings are in agreement
with findings of several others (Lechartier et al., 2011; Kendall et al., 2009; Whitlock et
al., 2003; Oba and Allen, 2000; Beauchemin et al., 1994; Weiss and Shockey, 1991, 
McGuffy et al., 1991) who reported greater fat concentrations were with higher forage 
diets. Murphy et al., (2000) reported that generally milk fat depression is closely 
associated with low fiber which decreases the acetate + butyrate to propionate ratio by 
increasing ruminal production of propionate. Almost half of the milk fat synthesized in 
the mammary gland is from rumen generated acetate and beta-hydroxybutyrate (Varga
and Ishler, 2010; Palmquist, 2006; Heinrichs et al., 2005; Moran, 2005 Bauman and 
Griinari, 2003 and Linn, 1988). Lack of differences in fat percentages between high and 
low forage diets used in this present study could be attributed to a minor total NDF 
difference of 1.75% which may not have had much impact on the rumen digestion 
kinetics and fermentation pathways to alter the VFA concentration though the forage 
content was increased. In addition, diets exceeded NRC recommendations for NDF of 
25% (35.31 and 33.76%, Table 1) and their intakes were 35% and 33.8% of diet DM for 
higher and lower forage, diets respectively. Though similar intakes of NDF were 
observed, the slight numerical decrease in fat associated with the lower forage diet could 
be due to the slight increase in presence of NDF from NFFS in form of soybean hulls 
pellets in the grain mix that could not contribute to the physical effects of fiber levels.
Though similar, a very tendency for greater protein concentration with lower
forage diet has been observed in this study. The results are in agreement with findings 
reported by (Kendall et al., 2009; Whitlock et al., 2003, Voelker et al., 2002 and Sarwar

















protein concentrations with lower forage diets. The findings were however, not consistent 
with others (Lechartier et al., 2011; Kendall et al., 2009; Martinez et al., 2009; Yang and 
Beauchemin, 2007; Valadares et al., 2000: Beauchemin et al., 1994 and Ruiz et al., 1994) 
who reported greater or linear increases in percentages of milk protein with lower forage 
diets. Kendall et al., (2009) and Yang and Beauchemin, (2007) observed that increased 
energy and nitrogen supply associated with lower fiber diets may result in higher 
microbial protein (activity) and also energy for synthesis of milk protein. Heinrichs et al, 
(2005) and Varga and Ishler (2010) reported that with less than optimal levels of energy 
and propionate, the cows may produce glucose from some glucogenic AAs via 
gluconeogenesis which may have an impact on milk protein output. In this present study, 
there was higher concentrate mix in the lower forage diet,however, similar intakes of
NDF and ADF could have somehow off-set some positive effects of increased 
concentrates on milk protein thereby resulting in tendency for higher protein percentage.
Lactose percentages did not differ (P=0.23) between higher (4.86%) and lower 
(4.91%) forage diets but was numerically greater for lower forage diet as from this study. 
Results do agree with reports by others (Holt et al., 2010; Martinez et al., 2009; Murphy 
et al., 2000 and Beauchemin, 1991) who found that lactose percentages between higher
and lower forage diets did not differ. In both studies with 50 and 60% forage diets but 
varied proportions of alfalfa to corn silage (55:45 and 30:70) by (Martinez et al., 2009),
similar lactose percentages have been reported. Murphy et al., (2000) also reported 
similar lactose percentages between 30 and 50% forage diets. The current findings are
however, different when compared with some previous works (Auguere et al., 2011;
Valadares et al., 2000; Friggens et al., 1998 and Beauchemin et al., 1994) who reported 
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greater lactose percentages with higher concentrate diets. Just like for milk protein 
Valadares et al., (2000) reported that large amounts of glucose either from dietary or
extensive gluconeogenesis from glucogenic substrates like propionate and AAs (which is 
a major fate of absorbed AAs in lactating cows) are required for lactose synthesis. Our 
results therefore, suggest that the additional concentrate mix in the lower forage diet 
could not adequately produce considerably greater amounts of glucogenic substrates
(mainly propionate) to support greater lactose synthesis over a high forage diet due to 
high intakes of NDF and ADF which could off-set rumen fermentation physiology 
associated with higher concentrate and lower fiber intakes. Most studies with high and 
low F:C diets have reported significantly greater intakes of fiber with high F:C diets
(Lascano et al., 2011; Voelker et al., 2002 and Ruiz et al., 1994). This scenario of almost 
similar NDF and ADF intakes at both high and low forage levels observed in our current 
study could have led to equal concentrations of lactose between the two diets.
Results from this study have indicated greater (P=0.04) SNF percentage with 
lower forage (9.06%) than higher forage diet (8.93%). These findings are in agreement 
with previous report by Valadares et al., (2000) who reported a linear increase in SNF 
percentage with increasing dietary concentrate level though it was not consistent with 
other workers (Oba and Allen, 2000 and Alhadhrami and Huber, 1992). Although the 
percentage of SNF in a study by Oba and Allen, (2000) did not differ, the level was still 
numerically greater for lower NDF diet showing a similar trend towards lower forage 
diet. The SNF component of milk is comprised of protein, lactose and minerals of which 
protein and lactose account nearly for all the SNF as minerals make up a small










of studies to respond similarly to dietary changes in concentrates (energy from NFCs). 
Increasing dietary concentrates boosts production of milk protein, lactose and thereby 
SNF, (Valadares et al., 2000). Harris and Bachman (2003) reported that feeding extra 
energy above requirements to high producing cows may increase SNF percentage 
primarily due to changes in milk protein and occasionally to lactose content while only
feeding more protein above requirement does not affect milk protein content. Though 
there were no significant differences in both lactose and protein percentages between 
higher and lower forage diets in our study, the results on SNF levels fall within the 
expected ones of being greater for lower forage diet which could be explained by the
tendency for greater protein percentage and numerically greater lactose percentage 
associated with lower forage diet due to increased energy content from more 
concentrates.  
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Figure 1 Average daily dry matter and organic matter intakes in kg/d for the cows by 
treatment diet. 
Figure 2 Average weekly dry matter and organic matter intakes in kg/d for the cows 











Figure 3 Average daily intake of neutral detergent fiber and acid detergent fiber in
kg/d for the cows by treatment diet.
Figure 4 Average weekly intakes of neutral detergent fiber and acid detergent fiber 










Figure 5 Average daily intakes of crude protein and ash in kg/d by treatment diet 
offered.
Figure 6 Average weekly intakes of crude protein and ash in kg/d for the cows in the 







   
 
Figure 7 Mean weekly body weights of the cows in the high and low forage 
treatment diets.









Figure 9 Average daily yield of milk in kg/d for cows in high and low forage 
treatment diets.
Figure 10 Mean weekly production of milk and 4% fat corrected milk in kg/d for 








Figure 11 Average daily production of 4% fat corrected milk for the cows in kg/d by 
treatment diet. 
Figure 12 Average daily yield of milk fat and protein in kg/d for the cows in the high 









Figure 13 Average weekly yield of milk fat and protein in kg/d for cows in high and 
low treatment diets.
Figure 14 Average daily feed efficiencies on 4% fat corrected milk for cows in the 
















   
   




Summary and Conclusion 
Results from this study indicated there is potential for using alfalfa baleage as a 
concentrate replacer in dairy rations through its effects on DMI, nutrient intakes, DMD, 
and overall lactation performance in lactating dairy Holstein cows. Intake of DM
(P=0.02), CP (P<.0001) and ash (P<.0001) were greater for cows consuming low forage 
diet. No differences were observed for intake of NDF, ADF and DM digestibility. 
Lactation performance of the cows in terms of yields of milk, 4% FCM, fat and protein 
content remained similar between higher and lower forage diets while a tendency
(P=0.056) for higher feed efficiency on 4% FCM was observed with higher forage diet. 
Stage of lactation had an effect (P=0.011) on yield of 4% FCM and fat being greater for 
cows ≤ 251 d DIM. As for percentage concentration of milk components, SNF was 
greater for low fiber diet and tendency (P=0.07) for greater protein existed for low forage 
diet. Both lactose and fat remained similar between dietary F:C while interactions 
between diet and DIM were observed on SNF and protein percentages. Body weight, 
heart girth, ADGs and BCS of the cows remained similar and displayed similar trends 
signifying no effects of diet. Heart girth and BW of the cows were however, greater for 







    
 
In conclusion, alfalfa baleage can be used concentrate replacer at 10% in dairy 
rations without compromising average body conditions, and lactation performance of mid 
to late stage lactating Holstein cows cost-effective way through increased feed efficiency. 
Knowledge on interactions between forage level and DIM on lactation parameters can be 
utilized with respect to phase feeding according to stage of lactation. In view of the 
multiple component pricing system of milk, the increased alfalfa baleage inclusion may 















Abrahamse P.A., B. Vlaemenck, S. Tamminga and J. Dijkstra. 2008. The Effect of Silage
and Concentrate Type on Intake Behavior, Rumen Function, and Milk Production 
in Dairy Cows in Early and Late Lactation. J. Dairy Sci. 91:4778–4792. 
AOAC. 2000. Official Methods of Analysis. 17th ed. Association of Official Analytical 
Chemists, Arlington, VA.
Augerre M.J., M.A. Wattiaux, M.J. Powell, G.A. Broderick, and C. Arndt. 2011. Effects 
of forage to concentrate ratio in dairy cow diets on emission of methane, carbon 
dioxide, and ammonia, lactation performance, and manure excretion. J. Dairy Sci. 
94:3081-3093. 
Bailey K.W., C.M Jones, and A.J. Heinrichs. 2005. Economic Returns to Holstein and
Jersey Herds Under Multiple Component Pricing J. Dairy Sci. 88:2269–2280. 
Bauman D.E., and J.M. Griinari. 2003. Nutritional Regulation Of milk Fat Synthesis. 
Annu. Rev. Nutr. 2003. 23:203–27. 
http://www.ncbi.nlm.nih.gov/pubmed/12626693. 
Beauchemin K.A. 1991. Effects of dietary Neutral Detergent Fiber concentration and 
alfalfa hay quality on chewing, rumen function, and milk production. J. Dairy Sci. 
74:3140-3151. 
Beauchemin K.A., B.I., Farr, L.M., Rode, and G.B. Schaalje. 1994. Optimal Neutral
Detergent Fiber concentration of barley based diets for dairy cows. J. Dairy Sci. 
77:1013-1029.
Britol A.F. and G. A. Broderick. 2006. Effect of Varying Dietary Ratios of Alfalfa Silage
to Corn Silage on Production and Nitrogen Utilization in Lactating Dairy Cows. J 
Dairy Sci. 89:3924–3938. 
Britt J.S., R. C. Thomas, N. C. Speer, and M. B. Hall. 2003. Efficiency of Converting
Nutrient Dry Matter to Milk in Holstein Herds. J. Dairy Sci. 86:3796-3801. 
Dado R.G., and M.S. Allen. 1995. Enhanced intake and production of cows offered 



















Dhiman T.R., and L.D. Satter. 1997.  Yield Response of Dairy Cows Fed Different 
Proportions of Alfalfa Silage and Corn Silage, J Dairy Sci. 80:2069–2082. 
Dove, H. and R. W. Mayes. 2006. Protocol for the analysis of n-alkanes and other plant-
wax compounds and for their use as markers for quantifying the nutrient supply of 
large mammalian herbivores. Nature Protocols. 1(4):1680-1697. 
Friggens N.C., G.C. Emmans, I., Kyriazakis, J.D. Oldham and M. Lewis. 1998. Feed 
intake relative to stage of lactation for dairy cows consuming total mixed diets 
with a high or low ratio of concentrate to forage. J. Dairy Sci. 81:2228-2239. 
Georging H.K. and P.J. Van Soest. 1970. Forage fiber analysis (apparatus, reagents, 
procedures and some application) Agri. handbook No. 379, ARS-
USDA,Washington, DC.
Grant R. and P.J. Kononoff, 2007. Feeding To Maximize Milk Protein and Fat Yields. 
University of Nebraska. http://extension.unl.edu/publications.
Grant R.J., and J.L. Albright. 1995. Feeding behavior and management factors during the 
transition period in dairy cattle. J. Anim. Sci. 73:2791- 2803. 
Harmison B., M.L. Eastrigde, and J.L., Firkins. 1997. Effect of percentage of dietary 
forage neutral detergent fiber and source of starch on performance of lactating 
Jersey cows. J. Dairy Sci. 80:905-911. 
Harris B. and K.C. Bachman. 2003. Nutritional and management factors affecting Solids-
Not-Fat, acidity and freezing point of milk. University of Florida, IFAS 
EXTENSION. 
http://ufdcimages.uflib.ufl.edu/IR/00/00/47/70/00001/DS15600.pdf
Hayirli A., R.R. Grummer, E.V. Nordheim, and P.M. Crump. 2002. Animal and dietary 
factors affecting feed intake during prefresh transition period in Holsteins. J. 
Dairy Sci. 85:3430-3443.
Heinrichs J., C. Jones and K. Bailey. 2005. Milk Components: Understanding the Causes 
and Importance of Milk Fat and Protein Variation in Your Dairy Herd. 
http://extension.psu.edu/animals/dairy/nutrition.
Hoffman P.C., D.K. Combs, N.M. Brehm, and D.A. Welch. 1997. Performance of 
lactating cows  fed alfalfa or red clover. J. Dairy Sci. 80:3308-3315. 
Holt M.S., C. M. Williams, C. M. Dschaak, J.S. Eun, and A. J. Young. 2010. Effects of 
corn silage hybrids and dietary non forage fiber sources on feed intake, 
digestibility, ruminal fermentation, and productive performance of lactating 

















Jurgens, M.H., and Bregendahl, K., 2007. Animal Feeding and Nutrition 10th Edition. 
Iowa State University. Kendall/Hunt Publishing. USA.
Kendall C., C. Leonardi, P.C. Hoffman and D.K. Combs. 2009. Intake and milk 
production of cows fed diets that differed in dietary neutral detergent fiber 
digestibility. J. Dairy Sci. 92:313-323. 
Khan N.A., T. A. Tewoldebrhan, R. L. G. Zom, J. W. Cone, and W. H. Hendriks 2012.
Effect of corn silage harvest maturity and concentrate type on milk fatty acid 
composition of dairy cows. J. Dairy Sci. 95:1472–1483. 
Khorasani G.R., E.K. Okine, and J.J. Kennelly 2001. Effects of forage source and amount 
of concentrate on rumen and intestinal digestion of nutrients in late-lactation 
cows. J. Dairy Sci. 84:1156-1165.  
Kristensen T., C. Jensen, S. Østergaard, M. R. Weisbjerg, O. Aaes, and N. I. Nielsen. 
2015. Feeding, production, and efficiency of Holstein-Friesian, Jersey, and 
mixed-breed lactating dairy cows in commercial Danish herds J. Dairy Sci. 98 
:263–274. 
Lascano G.J., and A.J. Heinrichs. 2011. Effects of feeding different levels of dietary fiber
through the addition of corn stover on nutrient utilization of dairy heifers
precision-fed  high and low concentrate diets. J. Dairy Sci. 94:3025-3036.  
Lechartier C., and J.-L.Peyraud. 2009. The effects of forage proportion and rapidly 
degradable DM from concentrate on ruminal digestion in dairy cows fed corn 
silage-based diets with fixed neutral detergent fiber and starch contents. J. Dairy 
Sci. 93:666-681.
Linn J., M. Raeth-Knight, S. Fredin, and A. Bach. 2010. Feed efficiency in lactating dairy 
cows. Colorado State University. 
https://www.cvmbs.colostate.edu/ilm/proinfo/cdn.
Linn J.G. 1988. Factors Affecting the Composition of Milk from Dairy Cows. 
http://www.ncbi.nlm.nih.gov/books/NBK218193/
Looper M. 2012. Factors affecting milk composition of lactating cows. University of 
Arkansas https://www.uaex.edu/publications/PDF/FSA-4014.pdf
Martinez C.M., Y.-H.Chung, V.A. Ishler, K.W. Bailey, and G.A. Varga. 2009. Effects of 
dietary forage level and monensin on lactation performance, digestibility and 
fecal excretion of nutrients, and efficiency of feed nitrogen utilization of Holstein 
cows. J. Dairy Sci. 92:3211-3221. 
McGuffy R.K., Basson R.P., and T.E. Spike. 1991. Lactation response and body 















Mertens D.R. 2009. Impact of NDF content and digestibility on dairy cow performance.       
WCDS Advances in Dairy Technology vol 2:191-201. 
http://www.wcds.ca/proc/2009/Manuscripts/ImpactOfNDFContent.pdf 
Mirzaeli-Aghsaghali A., and N. Maheri-Sis. 2011. Importance of “physically effective 
fiber” in ruminant nutrition: A review. Scholars research library, Islamic Azad 
University, Iran.
Mullins C.R., K.N. Grigsby, and B.J. Bradford. 2009. Effects of alfalfa hay inclusion rate 
on productivity of lactating dairy cows fed wet corn gluten feed-based diets. J.
Dairy Sci. 92:3510-3516. 
Murphy M. M. Akerlind, and K. Holtenius. 2000. Rumen fermentation in lactating cows 
selected for milk fat content fed two concentrate ratios with hay or silage. J. Dairy 
Sci. 83:756-764. 
Moran J. 2004. Tropical dairy farming: feeding management for small holder dairy 
farmers in the humid tropics. Landlinks Press. 
http://samples.sainsburysebooks.co.uk/9780643093133_sample_295495.pdf.
National Research Council. 2001. Nutrient Requirements of Dairy Cattle. 7th Edition.
National Academy Press, Washington D.C.
Nyamushamba G.B., D. Chikwanda, G.H.M. Matondi, T. Marandure, J. Mamutse, B. 
Tavirimirwa, N.Y.D. Banana, and M. Dhliwayo. 2014. The effects of non-genetic 
factors on milk yield and composition of Red Dane cattle in Zimbabwe. Livestock 
Research for Rural Development 26(5). www.irrd.org/lrrd26/5/nyam26093.htm.
Oba M, and M.S. Allen. 2000. Effects of brown midrib3 mutation in corn silage on 
productivity of dairy cows fed two concentrations of dietary neutral detergent 
fiber: digestibility and microbial efficiency. J Dairy Sci. 83:1350-1358. 
Oba M., and M.S. Allen. 2000. Effects of Brown Midrib 3 Mutation in Corn Silage on 
Productivity of Dairy Cows Fed Two Concentrations of Dietary Neutral Detergent 
Fiber: 1. Feeding Behavior and Nutrient Utilization. J Dairy Sci. 83:1333-1341. 
Palmquist D.L. 2006. Milk Fat: Origin of Fatty Acids and Influence of Nutritional 
Factors Thereon. Advanced Dairy Chemistry, Volume 2: Lipids, 3rd 
edition.http;//www.springer.com.
Premaratne S., J.P. Fontenot, and R.K. Shanklin. 2005. Use of N-alkanes to estimate
intake and digestibility by beef steers. Asian-Aust. J. Anim. Sci.18:1564-1568. 
Qiu X., M.L. Eastridge, and Z. Wang. 2003. Effects of corn silage hybrid and dietary 















Rajala-Shultz P.J., Y. T. Grohn, C. E. McCulloch, and C. L. Guard, 1999. Effects of 
Clinical Mastitis on Milk Yield in Dairy Cows. J Dairy Sci 82:1213–1220. 
Ruiz T.M., E. Bernal, and C.R Staples. 1994. Effects of dietary neutral detergent 
concentration and forage source on performance of lactating cows. J. Dairy Sci. 
78:305-319 
Sandberg, R.E., D. C. Adams, T. J. Klopfenstein, and R. J. Grant. 2000. N-alkane as an 
internal marker for predicting digestibility of forages. J. Range Manage. 53:159-
163. 
Sarwar M., J.L. Firkins and M.L. Eastridge. 1992. Effects of varying forage and 
concentrate carbohydrates on nutrient digestibilities and milk production by dairy 
cows. J Dairy Sci. 75:1533-1542.  
Schroeder J.W. 2012. Dairy Cow nutrition affects milk composition. NDSU Extension
service. https://www.ag.ndsu.edu/pubs/ansci/dairy/as1118.pdf.
Shaver R. 2010. Factors Influencing Feed Efficiency in Dairy Cattle. Mid-South 
Ruminant Nutrition Conference, Arlington, Texas.
Shirey J.E. 2006. Feed Efficiency Is an Important Management Tool for Dairy Producers.
High Plains Dairy Conference. Industry Presentation.  
Soita H.W., M. Fehr, D. A Christensen, and T. Mutsvangwa. 2005. Effects of Corn Silage 
Particle Length and Forage:Concentrate Ratio on Milk Fatty Acid Composition in 
Dairy Cows Fed Supplemental Flaxseed. J. Dairy Sci. 88:2813–2819. 
Valadares-Filho S.C., G.A. Broderick, R.F.D. Valadares, and M.K. Clayton, 2000. 
Effects of replacing alfalfa silage with high moisture corn on nutrient utilization 
and milk production. J Dairy Sci. 83:106-114.  
Van Soest P.J. 1994. Nutritional Ecology of The Ruminant, 2nd Edition. Cornell 
University Press, New York.
Van Soest P.J., J.B. Robertson, and B.A. Lewis. 1991. Methods for dietary fiber, neutral
detergent fiber and non-starch polysaccarides in relation to animal nutrition. J. 
Dairy Sci.74:3583-3597. 
Varga G.A. and V.A. Ishler, 2010. Managing Nutrition for Optimal Milk Components. 
Pennsylvania State University. 
http://articles.extension.org/pages/11300/managing-nutrition-for-optimal-milk-
components. 
Voelker J.A., G.M. Burato, and M.S. Allen. 2002. Effects of pretrial milk yield on 
responses of feed intake, digestion, and production to dietary forage 
















Wang Z., M.L. Eastridge, and X. Qiu 2000. Effects of forage neutral detergent fiber and 
yeast culture on performance of cows during early lactation. J Dairy Sci. 84:204-
212. 
Weiss W.P., and W.L. Shockey. 1991. Value of orchardgrass and alfalfa silages fed with 
varying amounts of concentrates to dairy cows. J. Dairy Sci. 74:1933-1943. 
Weiss W.P., and D. J. Wyatt. 2002. Effects of Feeding Diets Based on Silage from Corn 
Hybrids that Differed in Concentration and In Vitro Digestibility of Neutral
Detergent Fiber to Dairy Cows. J Dairy Sci. 85:3462–3469. 
West .W. P., Mandebvu G. M. Hill, and R. N. Gates. 1998. Intake, Milk Yield, and 
Digestion by Dairy Cows Fed Diets with Increasing Fiber Content from
Bermudagrass Hay or Silage. J Dairy Sci. 81:1599–1607.  
West J.W., G.M. Hill, J.M. Fernandez, P., Mandebvu, and B.G. Mullinix 1999. Effects of 
dietary fiber on intake, milk yield and digestion by lactating cows during cool or
hot humid weather J. Dairy Sci. 82:2455-2465 
Whitlock L.A., D. J. Schingoethe, A. R. Hippen, K.F. Kalscheur, and A.A. AbuGhazaleh. 
2003. Milk Production and Composition from Cows Fed High Oil or 
Conventional Corn at Two Forage Concentrations. J. Dairy Sci. 86:2428–2437. 
Yang W.Z., and K.A. Beauchemin. 2007. Altering physically effective fiber intake
through forage proportion and particle length: digestion and milk production. J. 
Dairy Sci. 90:3410-3421. 
Yang W.Z., and K.A. Beauchemin. 2008. Increasing physically effective fiber content of 
dairy diets through forage proportion versus forage chop length: chewing and 
ruminal pH. J Dairy Sci. 92:1603-1615. 
Zebeli Q., M. Tafaj, H. Steingrass, B Metzler, and W. Drochner. 2006. Effects of 
physically effective fiber on digestive processes and milk fat content in early 
lactating dairy cows fed total mixed rations. J. Dairy Sci. 89:651-668 
Zebeli Q., J. Dijkstra, M. Tafaj, H. Steingrass, B. N. Ametaj, and W. Drochner. 2008. 
Modeling the Adequacy of Dietary Fiber in Dairy Cows Based on the Responses 
of Ruminal pH and Milk Fat Production to Composition of the Diet. J. Dairy Sci. 
91:2046–2066
Zebeli Q., J.R. Aschenbach, M. Tafaj, J. Boguhn, B.N. Ametaj, and W. Drochner. 2012. 
Invited review: Role of physically effective fiber and estimation of dietary fiber
adequacy in high producing dairy cattle. J. Dairy Sci. 95:1041-1056. 
78 
